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APPARATUS AND METHOD FOR
POSITIONING TERMINAL IN WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

The present application 1s related to and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2016-0074572, which was filed 1in the Korean Intellec-

tual Property Office on Jun. 15, 2016, the contents of which
are 1ncorporated herein by reference.

TECHNICAL FIELD

Various exemplary embodiments relate to a wireless com-
munication system, and more particularly, to an apparatus

and a method for positioning a terminal.

BACKGROUND

To meet the demand for wireless data trathic having
increased since deployment of 47 generation (4G) commu-
nication systems, eflorts have been made to develop an
improved 57 generation (5G) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system
1s also called a ‘Beyond 4G Network” or a ‘Post Long Term
Evolution (LTE) System’.

The 5G communication system 1s considered to be imple-
mented 1 higher frequency (mmWave) bands, e¢.g., 60 GHz
bands, so as to accomplish higher data rates. To decrease
propagation loss of the radio waves and increase the trans-
mission distance, the beamforming, massive multiple-input
multiple-output (MIMO), Full Dimensional MIMO (FD-
MIMO), array antenna, an analog beam forming, large scale
antenna techmques are discussed in 535G communication
systems.

In addition, in 5G communication systems, development
for system network improvement 1s under way based on
advanced small cells, cloud Radio Access Networks
(RANSs), ultra-dense networks, device-to-device (D2D)
communication, wireless backhaul, moving network, coop-
erative communication, coordinated multi-points (CoMP),
reception-end interference cancellation and the like.

In the 5G system, Hybrid frequency shift keying (FSK)
and quadrature amplitude modulation (FQAM) and sliding
window superposition coding (SWSC) as an advanced cod-
ing modulation (ACM), and filter bank mult1 carrier
(FBMC), non-orthogonal multiple access (NOMA), and
sparse code multiple access (SCMA) as an advanced access
technology have been developed.

As mobile communication technology has developed like
the above-described 5G system, exact positioning for a user
of a terminal 1s required 1n order to provide various services
to the user. Accordingly, various technologies related to
positioning of terminals 1n mobile communication systems
are developing. Specifically, technology related to position-
ing of a terminal 1s largely divided into two types of
techniques according to how coordinates of a terminal are
estimated: a proximity-based positioming technique {for
determining a position of a terminal based on a position of
a closest reference point; and a trilateration-based position-
ing technique for obtaining a relative position of a terminal
from a specific reference point using triangular geometry.
Specifically, 1n the case of a commercialized long term
evolution (LTE) system, an assisted global navigation sat-
cllite system (A-GNSS)-based positioning technique, an
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enhanced-cell ID (E-CID)-based positioning technique
which uses a base station i1dentifier (ID), transmission and

reception timing advance (TA) between a base station and a
terminal, and an angle of arrival (AoA), or the like may be
supported.

SUMMARY

To address the above-discussed deficiencies, 1t 1s a pri-
mary object to provide an apparatus and a method for
positioning a terminal in a wireless communication system.

Various exemplary embodiments also provide an appara-
tus and a method for positioming a terminal based on
proximity in a wireless communication system.

Various exemplary embodiments also provide an appara-
tus and a method for positioning a terminal using a device-
to-device (D2D) signal 1n a wireless communication system.

Various exemplary embodiments also provide an appara-
tus and a method for determining a communication envi-
ronment of a terminal using a D2D signal in a wireless
communication system.

According to an aspect of the present disclosure, a method
for operating of a terminal 1 a wireless communication
system 1ncludes: receiving signals from other terminals;
selecting another terminal which has proximity to the ter-
minal from among the other terminals based on reception
powers of the signals and information related to the signals;
and determining a location of the terminal based on location
information of the another terminals.

According to another aspect of the present disclosure, a
terminal 1n a wireless communication system includes: a
receiver configured to receive signals from other terminals;
and a controller configured to select another terminal which
has proximity to the terminal from among the other termi-
nals based on reception powers of the signals and informa-
tion related to the signals, and determine a location of the
terminal based on location information of the another ter-
minals.

According to another aspect of the present disclosure, a
method for operating of a terminal 1n a wireless communi-
cation system includes: receiving a signal from another
terminal; determining a first value which changes according
to a distance between another terminal and a base station
using the signal; and determining whether a link between
another terminal and the base station i1s non-line of sight
(NLOS) based on the first value and a second value which
changes according to a distance between the terminal and
the base station.

According to another aspect of the present disclosure, a
terminal 1n a wireless communication system includes: a
receiver configured to receive a signal from another termi-
nal; and a controller configured to determine a first value
which changes according to a distance between another
terminal and a base station using the signal, and determine
whether a link between another terminal and the base station
1s NLOS based on the first value and a second value which
changes according to a distance between the terminal and
the base station.

Before undertaking the DETAILED DESCRIPTION
below, 1t may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” 1s inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
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couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,

have, have a property of, or the like; and the term *“control-
ler” means any device, system or part thereof that controls
at least one operation, such a device may be implemented 1n
hardware, firmware or software, or some combination of at
least two of the same. It should be noted that the function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. Defini-
tions for certain words and phrases are provided throughout
this patent document, those of ordinary skill in the art should
understand that 1n many, 1f not most istances, such defini-
tions apply to prior, as well as future uses of such defined
words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure¢ and 1ts advantages, reference 1s now made to the
tollowing description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an example wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure:

FIG. 2 illustrates an example configuration of a base
station 1n a wireless communication system according to an
exemplary embodiment of the present disclosure;

FIG. 3 illustrates an example configuration of a terminal
in a wireless communication system according to an exems-
plary embodiment of the present disclosure;

FIGS. 4A and 4B illustrate example changes 1n transmis-
sion powers according to power control 1n a wireless com-
munication system according to an exemplary embodiment
of the present disclosure;

FIG. § illustrates an example method for operating of a
terminal 1 a wireless communication system according to
an exemplary embodiment of the present disclosure;

FIG. 6 illustrates an example method for operating of a
base station 1n a wireless communication system according,
to an exemplary embodiment of the present disclosure;

FIG. 7 illustrates an example of positioning using recep-
tion times of signals 1n a wireless communication system
according to an exemplary embodiment of the present
disclosure:

FIGS. 8A and 8B 1llustrate examples procedure of obtain-
ing time oilsets ol signals in a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure:

FIGS. 9A and 9B illustrate examples procedure of select-
ing a close terminal by considering reception times and
reception powers of signals 1 a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure;

FIGS. 10A and 10B 1illustrate another examples procedure
of selecting a close terminal by considering reception times
and reception powers of signals 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure;

FIG. 11 illustrates an example adaptive changes in
weights related to reception times and reception powers of
signals 1n a wireless communication system according to an
exemplary embodiment of the present disclosure;

FIG. 12 illustrates an example exchange for positioning,
by considering reception times 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure:
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FIG. 13 1illustrates an example method for operating of a
terminal which performs positioning by considering recep-
tion times 1n a wireless communication system according to
an exemplary embodiment of the present disclosure;

FIG. 14 illustrates an example concept of positioning
using transmission powers of signals 1n a wireless commu-
nication system according to one embodiment of the present
disclosure;

FIGS. 15A and 15B illustrate examples procedure of
selecting a close terminal considering transmission powers
and reception powers of signals 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure;

FIG. 16 illustrates an example signal exchange for posi-
tioning by considering transmission powers 1 a wireless
communication system according to an exemplary embodi-
ment of the present disclosure;

FIG. 17 illustrates an example method for operating of a
terminal which performs positioning by considering trans-
mission powers 1n a wireless communication system accord-
ing to an exemplary embodiment of the present disclosure;

FIG. 18 illustrates an example method for operating of a
terminal which assists 1n positioning by considering trans-
mission powers 1n a wireless communication system accord-
ing to an exemplary embodiment of the present disclosure;

FIG. 19 illustrates an example concept of limiting a
candidate group of neighbor terminals for positioning 1n a
wireless communication system according to an exemplary
embodiment of the present disclosure;

FIG. 20 illustrates an example procedure of determining
a candidate group of neighbor terminals for positioning 1n a
wireless communication system according to an exemplary
embodiment of the present disclosure;

FIG. 21 1llustrates an example time at which a signal 1s
received from each neighbor terminal in a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure;

FIG. 22 illustrates an example signal exchange for posi-
tioning by using a candidate group 1n a wireless communi-
cation system according to an exemplary embodiment of the
present disclosure;

FIG. 23 1llustrates an example method for operating of a
terminal which performs positioning by using a candidate
group 1n a wireless communication system according to an
exemplary embodiment of the present disclosure;

FIG. 24 illustrates an example method for operating of a
terminal which assists 1n positioning in a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure;

FIG. 25 illustrates an example method for operating of a
terminal which performs positioming 1n a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure;

FIG. 26 illustrates an example non-line of sight (NLOS)
environment 1n a wireless communication system according
to an exemplary embodiment of the present disclosure;

FIG. 27 1llustrates an example positioning error caused by
NLOS 1n a wireless communication system according to an
exemplary embodiment of the present disclosure;

FIG. 28 1illustrates an example change in a transmission
power made by an NLOS environment 1n a wireless com-
munication system according to an exemplary embodiment
of the present disclosure;

FIG. 29 illustrates an example procedure of determining
an NLOS environment by using neighbor terminals 1 a
wireless communication system according to an exemplary
embodiment of the present disclosure;
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FIGS. 30A and 30B illustrate examples various methods
for requesting NLOS 1dentification 1n a wireless communi-
cation system according to an exemplary embodiment of the
present disclosure;

FIG. 31 1illustrates an example path loss model 1n a
wireless communication system according to an exemplary
embodiment of the present disclosure;

FIGS. 32A and 32B illustrate an example relationship of
transmission powers according to power control in a wire-
less communication system according to an exemplary
embodiment.

FIG. 33 illustrates an example possibility of an additional
loss of power 1n a wireless communication system according
to an exemplary embodiment of the present disclosure;

FIG. 34 illustrates an example method for operating of a
terminal which determines the presence/absence of NLOS in
a wireless communication system according to an exemplary
embodiment of the present disclosure;

FIG. 35 illustrates an example method for operating of a
terminal which determines the presence/absence of NLOS
based on transmission powers 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure;

FIG. 36 illustrates an example method for operating of a
terminal which determines the presence/absence of NLOS
based on reception powers 1 a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure;

FI1G. 37 illustrates an example method for operating of a
base station for determining the presence/absence of NLOS
in a wireless communication system according to an exems-
plary embodiment of the present disclosure;

FIG. 38 illustrates an example method for operating of a
terminal for determining the presence/absence of NLOS in
a wireless communication system according to an exemplary
embodiment of the present disclosure;

FIG. 39 illustrates an example simulation environment for
evaluating performance of a wireless communication system
according to an exemplary embodiment of the present
disclosure; and

FIGS. 40 to 47 illustrate examples results of a simulation
ol a wireless communication system according to an exems-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 47, discussed below, and the various
embodiments used to describe the principles of the present
disclosure 1n this patent document are by way of 1llustration
only and should not be construed 1n any way to limait the
scope of the disclosure. Those skilled 1n the art will under-
stand that the principles of the present disclosure may be
implemented 1n any suitably arranged system.

Hereinatter, the present disclosure describes technology
for positioning a terminal 1 a wireless communication
system. Specifically, the present disclosure describes tech-
nology for positioning a terminal using a device-to-device
(D2D) signal for D2D communication.

Terms indicating attributes of signals, terms indicating
control information, terms 1ndicating network entities, terms
indicating messages, terms indicating elements of a device,
or the like, which are used 1n the following description, are
merely examples for convenience ol explanation. Accord-
ingly, the present disclosure 1s not limited to the terms which
will be described below and other terms having the same
technical meanings may be used.

10

15

20

25

30

35

40

45

50

55

60

65

6

In addition, the terms and the names defined in the 37
generation partnership project (3GPP) standards will be used
for convenience of explanation, but the present disclosure 1s
not limited to these terms and names and can be equally
applied to systems according to the other standards.

FIG. 1 1illustrates an example wireless communication
system according to an exemplary embodiment of the pres-

ent disclosure. Referring to FIG. 1, the system includes a
base station 110 and terminals 120, 121, and 122.

Each of the terminals 120, 121, and 122 1s a device which
1s used by a user, and communicates with the base station
110 via a radio channel. In addition, each of the terminals
120, 121, and 122 may communicate with other terminals
through a terminal-terminal link, that 1s, a direct link. That
1s, the terminal 120 may perform D2D communication with
the terminals 121 and 122. In the present disclosure, signals
exchanged among the terminals 120, 121, and 122 for D2D
communication will be referred to as “D2D signals.” In
addition, 1n the present disclosure, a terminal performing
D2D communication will be referred to as a “D2D termi-
nal.”

The D2D signal may be classified according to a purpose
of a signal. For example, the D2D signal may be classified
into a communication signal for delivering data, a discovery
signal for discovering a neighbor terminal, a synchroniza-
tion signal for synchronizing with a neighbor terminal, or the
like. When various embodiments of the present disclosure
are applied to a system conforming to the 3GPP LTE
standard, a sidelink communication signal, a sidelink dis-
covery signal, a sidelink synchronization signal may be used
as a communication signal, a discovery signal, and a syn-
chronization signal, respectively. In the following descrip-
tion, the D2D signal includes a communication signal, a
discovery signal, a synchronization signal, or a signal for
another D2D communication.

The base station 110 provides a wireless access to the
terminals 120, 121, and 122. The base station 110 has a
coverage including a predetermined geographical range. The
base station 110 may be referred to as a node B (NB) or an
evolved node B (eNB). The base station 110 may have
location information regarding the terminals 121 and 122.
That 1s, the base station 110 may have already estimated a
location of at least one of the terminals located within a cell.
For example, at least one of the terminal 121 and the
terminal 122 may be a stationary terminal. Alternatively, the
location of at least one of the terminal 121 and the terminal
122 may already be estimated by various positioning tech-
nologies.

FIG. 2 illustrates an example configuration of a base
station 1n a wireless communication system according to an
exemplary embodiment of the present disclosure. FIG. 2
illustrates an example of a configuration of the base station
110. Hereinafter, the term “unit” or the term ending with the
sullix “-er” or “-or’” refer to a unmit for processing at least one
function or operation and these terms may be implemented
by using hardware or soitware or a combination of hardware
and software. Referring to FIG. 2, the base station includes
a wireless communication interface 210, a backhaul com-
munication interface 220, a storage 230, and a controller
240.

The wireless communication interface 210 performs func-
tions for transmitting and receiving signals via a radio
channel. For example, the wireless communication interface
210 performs a function of converting between a baseband
signal and a bit string according to a physical layer standard
of a system. For example, when transmitting data, the
wireless communication interface 210 generates complex
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symbols by encoding and modulating a transmission bit
string. In addition, when receiving data, the wireless com-
munication interface 210 restores a reception bit string by
demodulating and decoding a baseband signal. In addition,
the wireless communication interface 210 up-converts a
baseband signal 1nto a radio frequency (RF) band signal and
then transmit the RF band signal through an antenna, and
down-converts an RF band signal received through the
antenna 1nto a baseband signal. For example, the wireless
communication interface 210 may include a transmission
filter, a reception filter, an amplifier, a mixer, an oscillator, a

digital to analog converter (DAC), an analog-to-digital con-
verter (ADC), or the like.

In addition, the wireless communication interface 210
may include a plurality of RF chains. Furthermore, the
wireless communication interface 210 may perform beam-
forming. To perform the beamforming, the wireless com-
munication interface 210 may adjust a phase and a size of
cach of the signals transmitted and received through a
plurality of antennas or antenna elements.

The wireless communication interface 210 transmits and
receives signals as described above. Accordingly, the wire-
less communication nterface 210 may be referred to as a
transmission interface, a reception interface, a transmission
and reception interface, a transmitter, a receiver or a trans-
ceiver. In addition, 1n the following description, transmitting
and receiving performed through a radio channel may
include processing by the wireless communication interface
210 as described above.

The backhaul communication nterface 210 provides an
interface for communication with other nodes 1n a network.
That 1s, the backhaul communication interface 210 converts
a bit string to be transmitted from the base station to another
node, for example, another access node, another base sta-
tion, a core network, or the like mto a physical signal, and
converts a physical signal recetved from another node into
a bit string.

The storage 230 stores data such as a basic program for
the operation of the base station, an application program,
setting information, or the like. The storage 230 may be
configured by a volatile memory, a nonvolatile memory, or
a combination of a volatile memory and a nonvolatile
memory.

The controller 240 controls overall operations of the base
station. For example, the controller 240 transmits and
receives signals through the wireless communication inter-
tace 210 or the backhaul communication interface 220. In
addition, the controller 240 records and reads data on and
from the storage 230. To achieve this, the controller 240 may
include at least one processor. According to an exemplary
embodiment of the present disclosure, the controller 240
performs functions for positioning a terminal. For example,
the controller 240 may control the base station to perform a
procedure according to various exemplary embodiments,
which will be described below.

FIG. 3 illustrates an example configuration of a terminal
in a wireless communication system according to an exem-
plary embodiment of the disclosure. FIG. 3 illustrates an
example of a configuration of the terminal 120, 121, or 122.
Heremaiter, the term “umt” or the term ending with the
sullix “-er” or “-or” refer to a unit for processing at least one
function or operation and these terms may be implemented
by using hardware or software or a combination of hardware
and software. Referring to FIG. 3, the terminal includes a
communication iterface 310, a storage 320, and a controller

330.
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The communication interface 310 performs functions for
transmitting and receiving signals via a radio channel. For
example, the communication interface 310 performs a func-
tion of converting between a baseband signal and a bit string
according to a physical layer standard of a system. For
example, when transmitting data, the communication inter-
face 310 generates complex symbols by encoding and
modulating a transmission bit string. In addition, when
receiving data, the communication interface 310 restores a
reception bit string by demodulating and decoding a base-
band signal. In addition, the communication interface 310
up-converts a baseband signal into an RF band signal and
then transmit the RF band signal through an antenna, and
down-converts an RF band signal received through the
antenna 1nto a baseband signal. For example, the commu-
nication interface 310 may include a transmission filter, a
reception filter, an amplifier, a mixer, an oscillator, a DAC,
an ADC, or the like.

The communication interface 310 transmits and receives
signals as described above. Accordingly, the communication
interface 310 may be referred to as a transmission interface,
a reception interface, a transmission and reception interface,
a transmitter, a receiver or a transceiver. In addition, in the
tollowing description, transmitting and receiving performed
through a radio channel may include processing by the
communication interface 310 as described above.

The storage 320 stores data such as a basic program for
the operation of the terminal, an application program, setting
information, or the like. The storage 310 may be configured
by a volatile memory, a nonvolatile memory, or a combi-
nation of a volatile memory and a nonvolatile memory. In
addition, the storage 320 provides stored data in response to
a request of the controller 330.

The controller 330 controls overall operations of the
terminal. For example, the controller 330 transmits and
receives signals through the communication interface 310.
In addition, the controller 330 records and reads data on and
from the storage 320. To achieve this, the controller 330 may
include at least one processor or microprocessor or may be
a part of the processor. In addition, a part of the communi-
cation interface 310 and the controller 330 may be referred
to as a communication processor (CP). In particular, the
controller 330 may perform D2D signaling for positioning
of the terminal and may measure information related to the
D2D signal according to various exemplary embodiments
which will be described below. For example, the controller
330 may control the terminal to perform a procedure accord-
ing to various exemplary embodiments which will be
described below.

In an environment as shown in FIG. 1, that 1s, 1n an
environment 1 which the locations of the other terminals
121 and 122 located in the proximity of the terminal 120 are
estimated, positionming of the terminal 120 may be performed
by using D2D signals. In other words, D2D-aided position-
ing may be performed. Specifically, according to various
exemplary embodiments, proximity-based positioning may
be pertormed by using D2D signals. The proximity-based
positioning refers to a technique for estimating a location of
a target based on the location of the closest device to the
target from among the devices of which the locations have
been already grasped.

Since the number of terminals 1s larger than the number
ol base stations in a normal cell environment, the proximity-
based positioning using the D2D signals may provide a high
degree of accuracy. On the other hand, in the case of
trilateration-based positioning using a demodulation refer-

ence signal (DM-RS) of a short length included 1 a D2D
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signal, 1t 1s difficult to estimate timing exactly due to a
narrow bandwidth of D2D communication. Since it 1s
impossible that all D2D signals have a tull-band DM-RS due
to the D2D signal configuration even on the assumption of
the tull band DM-RS, 1t 1s estimated that timing detection
performance 1s greatly degraded. In addition, since 1t 1s
impossible to measure round-trip time (R1T) with all D2D
terminals on the assumption of 1deal RTT, a measurement
error may additionally occur due to a difference between
DM-RS transmission times of terminals. Accordingly, 1n the
case of the D2D environment, the proximity-based position-
ing 1s expected to be eflicient.

The proximity-based D2D-aided positioning 1s a tech-
nique which utilizes reception powers related to signals
transmitted by D2D terminals located in the proximity of a
target terminal. A target terminal may compare power levels
of signals received from D2D terminals, and may determine
a location of a D2D terminal which has transmaitted a signal
corresponding to the maximum reception power as the target
terminal’s location. In this case, a case in which the D2D
terminals have the same transmission power and a case in
which the D2D terminals have different transmission powers
may be considered.

FIGS. 4A and 4B 1illustrate examples changes 1n trans-
mission powers according to power control 1n a wireless
communication system according to an exemplary embodi-
ment of the present disclosure. FIG. 4A illustrates a case in
which the terminals 121 and 122 have fixed transmission
powers, that 1s, the same transmission powers, and FIG. 4B
illustrates a case 1n which the terminals 121 and 122 have
different transmission powers.

Referring to FIG. 4A, when the D2D terminals 121 and
122 transmit signals with the same transmission power, the
reception power 1s reduced in proportion to a distance to the
terminal 120. Accordingly, as the distance to the terminal
120 1s shorter, a reception power ol a signal increases.
Therefore, positioning may be performed with reference to
the reception power.

Referring to FIG. 4B, the terminals 121 and 122 may
transmit signals with different transmission powers since
open loop power control 1s performed. In other words, since
the terminals 121 and 122 transmit signals with transmission
powers to which open loop power control 1s applhied by
considering an uplink interference to the base station 110,
the terminals 121 and 122 use different transmission powers.
Specifically, the terminal 121 uses a relatively low trans-
mission power and the terminal 122 uses a relatively high
transmission power. That is, 1n the open loop power control
environment, as a distance to the base station 110 1s longer,
a higher transmission power 1s allocated. In this case, a
reception power of a signal transmitted from the D2D
terminal 122 which 1s far from the terminal 120 may be
greater than a reception power of a signal transmitted from
the D2D terminal 121 which 1s close to the terminal 120, and
an error which causes the terminal 120 to determine the
location of the D2D terminal 122 which 1s far therefrom as
the terminal 120°s location may occur. As a result, since the
D2D terminals 121 and 122 have different transmission
powers due to the open loop power control, a proportional
relation between a reception power level of a signal and
proximity may not be established.

Accordingly, various exemplary embodiments for cor-
recting an error in positioning, caused by different transmis-
sion powers, will be described. According to various exem-
plary embodiments, the terminal 120 may additionally use
other information in addition to the reception powers which
can be obtained from the D2D signals transmitted from the
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D2D terminals 121 and 122. That 1s, according to various
exemplary embodiments, a D2D terminal 1s selected by
considering reception powers of signals recerved by a target
terminal and other information in addition to the reception
powers, such that accuracy of positioning of the proximity-
based D2D-aided positioning can be enhanced.

FIG. 5 illustrates an example method for operating of a
terminal 1 a wireless communication system according to
an exemplary embodiment of the present disclosure. FIG. 5
illustrates an example of a method for operating of a
terminal which performs positioning, for example, of the
terminal 120.

Retferring to FIG. 5, m step 501, the terminal receives
signals from other terminals. The signals are D2D signals
and at least one signal may be received from each of the
other terminals.

Next, 1n step 503, the terminal estimates a location based
on reception powers of the signals and information related to
the signals. Specifically, the terminal selects one of the other

terminals based on the reception powers and the related
information, and estimates the terminal’s own location
based on the location of the selected another terminal. For
example, the information related to the signals may include
a level of a transmission power of each signal, a reception
time of each signal, or a distance of each of the other
terminals to a base station.

FIG. 6 1llustrates an example method for operating of a
base station 1n a wireless communication system according
to an exemplary embodiment of the present disclosure. FIG.
6 illustrates an example of a method for operating of a
serving base station of a terminal which performs position-
ing, for example, of the base station 110.

Referring to FIG. 6, 1n step 601, the base station receives
an aid request regarding positioning. That 1s, the base station
receives a message requesting aid for positioning from a
terminal which mtends to perform positioning. The message
may include a request for providing mformation necessary
for positioning or a request for operating other terminals
necessary for positioning.

Next, in step 603, the base station transmits a message
related to positioning. The message may include information
necessary for positioning or an indication regarding opera-
tions of other terminals necessary for positioning. That 1s,
the base station may transmit the message to the terminal
which performs positioning or may transmit the message to
other terminals which will assist 1n positioning.

In order to solve a reception power distortion problem
caused by power control when the proximity-based posi-
tioning technique 1s applied, not only a D2D signal but also
information related to the D2D signal may be used accord-
ing to various exemplary embodiments. Herein, the infor-
mation related to the D2D signal includes at least one of a
level of a transmission power of a signal, a reception time of
a signal, and a distance between another terminal which has
transmitted a signal and a base station. That 1s, the proxim-
ity-based positioning technique according to various exem-
plary embodiments can solve an error in reception power
information caused by power control by additionally utiliz-
ing other information 1n addition to reception powers. Here-
inafter, detailled embodiments according to the information
related to the D2D signal will be described.

FIG. 7 illustrates an example positioning using reception
times of signals 1n a wireless communication system accord-
ing to an exemplary embodiment of the present disclosure.
Referring to FIG. 7, a terminal 120 performs positioning by
using signals from other terminals 121 to 124. In this case,
the other terminals 121 to 124 may use different transmis-
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sion powers 1X ,, Tx5,, TX~, and TX, by performing power
control. Accordingly, the terminal 120 may reduce an error
caused by power control by using reception powers Rx ,,
Rx,, Rx,., and Rx, of signal received from the other
terminals 121 to 124 and reception time-related information
T, Ty, T and Tp.

FIGS. 8 A and 8B illustrate examples procedure of acquir-
ing time oilsets ol signals in a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. FIGS. 8 A and 8B illustrate timings of receiv-
ing signals from the terminals 121 to 122 according to
distances to the base station 110. FIG. 8A illustrates dis-
tances from the base station 110 and FIG. 8B illustrates
timings of receiving signals from the terminals 121 and 122.

Referring to FIG. 8A, the terminal 120 1s located closer to
the base station 110 than the terminal 122, and the terminal
121 1s located closer to the base station 110 than the terminal
120. Accordingly, a propagation delay D .5 » regarding a
signal from the base station 110 to the terminal 122 1s longer
than a propagation delay D_.»_ regarding a signal from the
base station 110 to the terminal 120. In addition, the propa-
gation delay D .- » 1s longer than a propagation delay
D .5, regarding a signal from the base station 110 to the
terminal 121. In addition, a distance between the terminal
122 and the terminal 120 1s longer than a distance between
the terminal 121 and the terminal 120. Accordingly, a
propagation delay D,_. regarding a signal from the terminal
122 to the terminal 120 1s longer than a propagation delay
D, sregarding a signal from the terminal 121 to the terminal
120.

As shown 1n FIG. 8A, since distances to the base station
110 are different, reception timings of the signals transmitted
from the base station 110 are different, and accordingly,
transmission timings of the terminals 121 and 122 are
different. In other words, since reception times of downlink
signals are diflerent according to distances to the base station
110, the terminals 121 and 122 may have diflerent trans-
mission times of real signals even when the terminal 121 and
122 transmit signals through the same slot of the same
frame/subirame. That 1s, since the terminals 121 and 122
transmit D2D signals by synchronizing with the reception
times of the downlink signals of the base station 110, there

may be regular time offsets according to relative locations of

the terminal 120 and the terminals 121 and 122 to the base
station 110. Herein, the time offset refers a difterence
between the operation time of the terminal 120 and the
reception time of the D2D signal.

Referring to FIG. 8B, the terminal 120 receives D2D
signals from the terminals 121 and 122. In this case, the time
oflset of the D2D signal from the terminal 121 1s T, and the
time offset of the D2D signal from the terminal 122 1s T5.
The length of the time oflset cannot exceed the length of one
slot. In this case, since the terminal 121 1s closer to the base
station 110 than the terminal 120, there 1s a high probability
that T, 1s relatively short. On the other hand, since the
terminal 122 1s farther from the base station 110 than the
terminal 120, there 1s a high probability that T, 1s relatively
long. That 1s, as the distance to the terminal 120 1s shorter,
the length of the time oflset 1s shorter.

Due to the power control, the terminal 121 close to the
base station may transmit a signal using a low transmission
power and the terminal 122 may transmit a signal using a
high transmission power. In this case, a proportional rela-
tionship between a reception power of a signal and prox-
imity may break according to which terminal 1s closer to the
terminal 120. For example, when the terminal 120 1s close
to the base station 110 as shown in FIG. 9A, a proportional
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relationship between reception powers of signals received
from the terminals 121 and 122 and proximity 1s not always

established.

FIGS. 9A and 9B illustrate examples procedure of select-
ing a close terminal by considering reception times and
reception powers of signals 1 a wireless communication

system according to an exemplary embodiment of the pres-
ent disclosure. FIGS. 9A and 9B 1illustrate a case 1n which

the terminal 120 1s close to the base station 110.

Referring to FIG. 9A, the terminal 120 1s located closer to
the terminal 121 than to the terminal 122. In addition, the
terminal 121 uses a relatively low transmission power and
the terminal 122 uses a relatively high transmission power.
Referring to time oflsets, there 1s a big diflerence between
the time offset regarding the terminal 121 and the time oflset
regarding the terminal 122 as shown in FIG. 9B. On the
other hand, since the terminal 120 1s close to the terminal
121 which uses the low transmission power, there may not
be a big diflerence between the reception power regarding
the terminal 121 and the reception power regarding the
terminal 122.

Accordingly, when the terminal 120 1s located close to the
base station 110, 1t may be difficult to distinguish between
the terminals 121 and 122 based on the level of the reception
power. On the other hand, it may be relatively easy to
distinguish between the terminals 121 and 122 based on the
length of the time oflset. In this case, the terminal 120 may
select the terminal 121 which has the relatively short time
oflset or has a earlier reception time as a reference terminal
for positioning.

FIGS. 10A and 10B 1llustrate another example procedure
of selecting a close terminal by considering reception times
and reception powers of signals 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. FIGS. 10A and 10B 1llustrate a case in which
the terminal 120 1s not close to the base station 110.

Referring to FIG. 10A, the terminal 120 1s located closer
to the terminal 122 than to the terminal 121. In addition, the
terminal 121 may use a relatively low transmission power
and the terminal 122 may use a relatively high transmission
power. Referring to time oflsets, as shown 1n FIG. 10B, there
1s a small difference between the time oflset regarding the
terminal 121 and the time oflset regarding the terminal 122
in comparison to the case of FIG. 9B. On the other hand,
since the terminal 120 1s close to the terminal 122 which
uses the high transmission power, there 1s a big difference
between the reception power regarding the terminal 121 and
the reception power regarding the terminal 122.

Accordingly, when the terminal 120 i1s located far from
the base station 110, 1t may be difhicult to distinguish
between the terminals 121 and 122 based on the length of the
time oflset. On the other hand, 1t may be relatively easy to
distinguish between the terminals 121 and 122 based on the
level of the reception power. In this case, the terminal 120
may select the terminal 122 having the relatively high
reception power as a reference terminal for positioning.

As described above with reference to FIGS. 9A to 10B,
the reliability of information used to determine proximity
may vary according to the location of the terminal 120. That
1s, appropriate mnformation for determining a close terminal
varies according to the location of the terminal 120. Spe-
cifically, as the terminal 120 1s farther from the base station
110, the reception power 1s the information for exactly
determining proximity and, as the terminal 120 1s closer to
the base station 110, the time offset 1s the information for
exactly determining proximity. Accordingly, according to an
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exemplary embodiment, the terminal 120 utilizes the recep-
tion powers and the reception times of the signals altogether.

Specifically, the terminal 120 measures reception powers
and time oflsets of signals received from the other terminals
(for example, the terminals 121 and 122). The terminal 120
may detect a reception time of a D2D signal by performing
a correlation with respect to a reference signal (for example,
DM-RS) of the D2D signal, which 1s recerved within a D2D
signal transmission channel formed of a plurality of slots. In
this case, the terminal 120 converts the reception time 1nto
a value of a sample unit having a length shorter than the
length of one slot by considering a slot period. Thereaftter,
based on a difference between the reception time which 1s
converted into the sample unit and an operation time of the
terminal 120, a time offset having the length of the sample
unit 1s determined. Thereafter, the terminal 120 converts the
time oflset mto a power value. To achieve this, a path loss
model may be used. The terminal 120 may modily the
reception power using the power valued which 1s obtained
from the time oflset. That 15, new reception power informa-
tion reflecting both the measured reception power and the
time oflset may be acquired. In addition, the terminal 120
selects a terminal having the maximum modified reception
power as a reference terminal.

Herein, the reception power may be modified 1n various
methods. For example, the terminal 120 may perform
weilghted-sum with respect to the measured reception power
and a reception power which 1s obtaimned from the time
oflset. The weighted-sum may be performed based on Equa-
tion 1 presented below:

Rx'=w-Rx,~wy Pathloss(t,) Equation 1

In Equation 1, Rx', 1s a modified reception power regard-
ing a terminal 1, w, 15 a first weight assigned to a measured
reception power, Rx, 1s a measured reception power regard-
ing the terminal 1, w, 1s a second weight assigned to a
reception power obtained from a time offset, pathloss( ) 1s a
function for changing a time oflset to a receptlon power
according to a path loss model, and T, 1s a time offset
regarding the terminal 1.

In modifying a reception power based on the weighted-
sum, the first weight and the second weight may be deter-
mined by considering a cell radius. In addition, the first
weight and the second weight may be adaptively changed
according to a distance between the terminal 120 and the
base station 110. In this case, the first weight and the second
weight may be adaptively changed by reflecting reliability of
information which changes according to the location of the
terminal 120. That 1s, since information appropriate to the
proximity-based positioning 1s different according to the
location of the terminal 120 from the base station 110, the
welghts may be variably applied according to the location of
the terminal 120. For example, the first weight and the
second weight may be changed 1n patterns as shown 1n FIG.
11.

FIG. 11 1llustrates examples adaptive changes 1n weights
regarding reception times and reception powers of signals in
a wireless communication system according to an exemplary
embodiment of the present disclosure. As shown in FIG. 11,
as the terminal 120 1s closer to the base station 110, time
oflsets allow to more exactly distinguishing terminals.
Therefore, as the terminal 120 1s closer to the base station
110, a second weilght 1104 to be applied to reception powers
obtained from time offsets increases. To the contrary, as the
terminal 120 1s farther from the base station 110, measured
reception powers allow to more exactly distinguishing ter-
minals. Therefore, as the terminal 120 i1s farther from the
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base station 110, a first weight 1102 to be applied to the
measured reception powers increases.

A distance between the terminal 120 and the base station
110 may be estimated based on a reception power regarding,
a signal received from the base station 110. Accordingly, the
terminal 120 determines proximity to the base station 110
based on the level of a reception power of a downlink signal
transmitted from the base station 110, and adjusts the
weights 1102 and 1104. Specifically, as the reception power
1s greater, the terminal 120 may increase a contribution of
the time offset by increasing the second weight 1104 and
reducing the first weight 1102. To the contrary, as the
reception power of the downlink signal transmitted from the
base station 110 1s smaller, the terminal 120 may increase a
contribution of the reception power by reducing the second
weight 1104 and increasing the first weight 1102.

Thereatter, the terminal 120 may measure the reception
powers and the time oflsets of D2D signals received from
neighbor terminals, and convert the time oflset into a power
value based on the path loss model. In addition, the terminal
120 may modily the measured reception power using the
converted power value and then may determine the location
of a terminal which has transmitted a D2D signal corre-
sponding to the maximum value of the modified reception
powers as the terminal 120 own location. As a result, a D2D
terminal located close to the terminal 120 may be selected
based on the modified reception power.

FIG. 12 illustrates an example signal exchange for posi-
tioning by considering reception times in a wireless com-
munication system according to an exemplary embodiment
of the present disclosure.

Referring to FIG. 12, i step 1201, the terminal 120
transmits an aid request to the base station 110. In other
words, the terminal 120 transmits a message requesting aid
for positioning to the base station 110.

In step 1203, the base station 110 transmits at least one
weilght value according to a cell radius to the terminal 120.
In other words, the base station 110 transmits, to the terminal
120, information regarding weights (for example, w,, w,) to
be applied to a measured reception power and a reception
power obtained from a time oflset. However, according to
another embodiment, the terminal 120 may determine
weight values. In this case, the terminal 120 may estimate a
distance to the base station 110 based on strength of a
downlink signal, and determine weight values based on the
distance.

In step 1205, the D2D terminals 121 and 122 transmit
D2D discovery signals. Herein, the D2D discovery signals
include respective identification information of the D2D
terminals 121 and 122. According to another exemplary
embodiment, instead of the D2D discovery signal, a D2D
communication signal or a D2D synchronization signal may
be used or a D2D signal defined for assisting 1n positioning
may be used. In addition, according to another exemplary
embodiment, the D2D terminals 121 and 122 may transmit
the D2D discovery signals after receiving, from the base
station 110, an 1ndication to assist 1n positioning the terminal
121.

In step 1207, the terminal 120 measures reception powers
regarding the D2D discovery signals received from the D2D
terminals 121 and 122. The reception power may be mea-
sured based on a size of a signal, energy, or the like.

In step 1209, the terminal 120 estimates reception times
of the D2D discovery signals received from the D2D ter-
minals 121 and 122. The termunal 120 may detect the
reception times by performing a correlation with respect to
reference signals included 1n the D2D discovery signals. In
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this case, the reception time may be expressed 1n a sample
unit and the terminal 120 may convert the reception time
into a time oflset.

In step 1211, the terminal 120 selects a D2D terminal
which 1s determined to be the closest terminal thereto using
the reception powers and the reception times of the D2D
discovery signals. To achieve this, the terminal 120 converts
the reception time, that 1s, the time offset, into a power value.
In addition, the terminal 120 modifies the reception power
measured 1n step 1207 using the power valued obtained from
the time ofiset. For example, the terminal 120 may modify
the reception power by performing weighted-sum as in
Equation 1. Accordingly, modified reception power values
corresponding to the D2D terminals 121 and 122 are deter-
mined. The terminal 120 may select a terminal that has the
maximum modified reception power as the D2D terminal
determined to be the closest terminal.

In step 1213, the terminal 120 transmits identification
information of the selected D2D terminal to the base station
110. In other words, the terminal 120 transmits a message
indicating the D2D terminal which i1s determined to be the
closest terminal.

In step 1215, the base station 110 transmaits the location of
the selected D2D terminal to the terminal 120. In other
words, the base station 110 transmaits location information of
the D2D terminal indicated by the message received 1n step
1213.

FIG. 13 illustrates an example method for operating of a
terminal which performs positioning by considering recep-
tion times 1n a wireless communication system according to
an exemplary embodiment of the present disclosure. FIG. 13
illustrates a method for operating of the terminal 120.

Referring to FIG. 13, 1n step 1301, the terminal receives
signals from other terminals. Herein, the other terminals are
terminals performing D2D communication and their loca-
tions are known to the base station. The signal 1s a D2D
signal and may be one of a D2D discovery signal, a D2D
communication signal, a D2D synchronization signal, and a
signal defined for assisting in positioning.

Next, 1n step 1303, the terminal selects one of the other
terminals based on a reception time and a reception power
of each signal. To achieve this, the terminal may convert the
reception time 1nto a power value, and determine a reception
power modified for each signal by performing weighted-sum
with respect to the power value and the reception power. In
addition, the terminal selects another terminal which has
transmitted a signal having the maximum modified reception
power.

Thereafter, in step 1305, the terminal transmits 1dentifi-
cation information of the selected terminal. In other words,
the terminal requests location information of the selected
terminal from the base station. Herein, the identification
information may be identified from the signals received 1n
step 1301.

In step 1307, the terminal receives the location informa-
tion of the selected terminal. That 1s, the terminal receives
the location information of another terminal which 1s deter-
mined to be the closest terminal. Accordingly, the terminal
completes positioning.

FIG. 14 illustrates an example positioming using trans-
mission powers ol signals 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. Referring to FIG. 14, a terminal 120 performs
positioning using signals from other terminals 121 to 124. In
this case, the other terminals 121 to 124 may use diflerent
transmission powers 1x ,, Txz, TX, and Tx, by performing,
power control. Accordingly, the terminal 120 may calculate

10

15

20

25

30

35

40

45

50

55

60

65

16

compensated reception powers Rx' ,, Rx',, RX' -, and Rx', by
compensating reception powers Rx ,, Rx,, Rx ., and Rx,, of
signals received from the other terminals 121 to 124. In
addition, the terminal 120 may reduce an error caused by
power control by using the compensated reception powers
Rx',, Rx',, RX'~, and Rx',. That 1s, according to the embodi-
ment shown 1 FIG. 14, all of the reception powers, the
transmission powers, and the maximum transmission power
are considered.

FIGS. 15A and 15B illustrate examples selecting a close
terminal by considering transmission powers and reception
powers of signals 1n a wireless communication system. FIG.
15A illustrates measured reception powers and FIG. 15B
illustrate compensated reception powers.

Retferring to FIG. 15A, according to power control, the
terminal 121 uses a transmission power 1x, which 1s
reduced from a maximum transmission power Tx™* by a,,
and the terminal 122 uses a transmission power 1x, which
1s reduced from the maximum transmission power Tx"“* by
a,. In this case, since the terminal 121 1s closer to the base
station 110 than the terminal 122, a, 1s larger than a.,, and as
a result, Tx, 1s greater than Tx,. Reception powers Rx, and
Rx, measured by the terminal 120 are smaller than the
transmission powers 1x, and Tx, by path loss values P1, and
Pl,, respectively. Accordingly, since a proportional relation-
ship between a reception power and proximity 1s not be
guaranteed due to the difference in the transmission powers,
compensation 1s performed by considering the transmission

powers and the maximum transmission power as shown in
FIG. 135B.

Referring to FIG. 15B, the termunal 120 identifies the
transmission powers 1x, and Tx, using D2D signals
received from the terminals 121 and 122. According to an
exemplary embodiment, when the wireless communication
system conforms to the 3GPP standard, the maximum trans-
mission power 1s defined as 23 dBm and 1s information
which 1s known 1n advance. That 1s, the terminal 120 may
know both the transmission powers and the maximum
transmission power of the terminals 121 and 122. Accord-
ingly, the terminal 120 may calculate a power value o, which
1s reduced by open loop power control. In addition, the
terminal 120 compensates the reception power for the
reduced power value. For example, the terminal 120 may
compensate the reception power as shown in Equation 2
presented below:

Rx'=Rx +(Ix""-1Xx;) Equation 2

In Equation 2, RX', 1s a compensated reception power
regarding a terminal 1, Rx, 1s a measured reception power
regarding the terminal 1, Tx™*" 1s a maximum transmission
power, X, 1s a transmission power of the terminal 1. Herein,
Rx'. refers to a reception power which 1s measured on the
assumption that the terminal 1 uses the maximum transmis-
51011 POWET.

When the modified reception powers Rx', and Rx',
regarding the terminals 121 and 122 are determined, the
terminal 120 selects a terminal which has the maximum
modified reception power as the closest terminal, that 1s, a
reference terminal.

As described above, the terminal 120 can exactly com-
pensate a reception power which 1s distorted by open loop
power control by using the transmission power information.
Accordingly, similar performance to that which 1s achieved
in an environment 1n which the terminals 121 and 122 use
the same transmission power (for example, the maximum
transmission power) can be achueved. To satisty this condi-
tion, the terminals 121 and 122 may transmit information
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regarding the transmission powers. According to an exem-
plary embodiment, when the wireless communication sys-
tems conforms to the 3GPP standard, the information

regarding the transmission powers may be transmitted
through a physical sidelink control channel (PSCCH) or a
physical sidelink shared channel (PSSCH) contained 1n a

D2D communication signal.

FIG. 16 illustrates an example signal exchange for posi-
tioming by considering transmission powers 1 a wireless
communication system according to an exemplary embodi-
ment of the present disclosure.

Referring to FIG. 16, in step 1601, the terminal 120
transmits an aid request to the base station 110. In other
words, the terminal 120 transmuits, to the base station 110, a
message requesting aid for positioning. According to
another exemplary embodiment, the aid request may be
transmitted to the terminals 121 and 122 using D2D signals.
In this case, subsequent step 1603 may be omitted.

In step 1603, the base station 110 transmits an operation
indication to the D2D terminals 121 and 122. In other words,
the base station 110 transmaits, to the D2D terminals 121 and
122, a message mstructing to assist 1n positioning the
terminal 120. Specifically, the base station 110 instructs the
D2D terminals 121 and 122 to transmit D2D signals includ
Ing transmission power imnformation.

In step 1605, the D2D terminals 121 and 122 transmit
D2D communication signals. Herein, the D2D communica-
tion signal 1includes 1dentification information and transmis-
sion power nformation of each of the D2D terminals 121
and 122. According to another exemplary embodiment,
instead of the D2D communication signal, a D2D discovery
signal or a D2D synchronization signal may be used, or a
D2D signal defined for assisting 1n positioning may be used.

In step 1607, the terminal 120 measures reception powers
regarding the D2D communication signals received from the
D2D terminals 121 and 122. The reception power may be
measured based on a size of a signal, energy, or the like.

In step 1609, the terminal 120 may select a D2D terminal
that 1s determined to be the closest terminal by using the
reception powers of the D2D communication signals, the
transmission powers, and the maximum transmission power
of the D2D terminals 121 and 122. To achieve this, the
terminal 120 may determine power values which are
reduced by power control of the D2D terminals 121 and 122
using the transmission powers and the maximum transmis-
sion power, and may compensate the reception powers
measured in step 1607 as much as the reduced power values.
In addition, the terminal 120 selects a terminal which has the
maximum compensated reception power as a D2D terminal
determined to be the closest terminal.

In step 1611, the terminal 120 transmits identification
information of the selected D2D terminal to the base station
110. In other words, the terminal 120 transmits a message
indicating the D2D terminal which 1s determined to be the
closest terminal.

In step 1613, the base station 110 transmits the location of
the selected D2D terminal to the terminal 120. In other
words, the base station 110 transmits the location informa-
tion of the D2D terminal indicated by the message recerved
in step 1611.

FI1G. 17 illustrates an example method for operating of a
terminal which performs positioning by considering trans-
mission powers 1n a wireless communication system accord-
ing to an exemplary embodiment of the present disclosure.
FIG. 17 illustrates an example of a method for operating of
the terminal 120.
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Retferring to FIG. 17, 1n step 1701, the terminal receives
signals 1ncluding transmission power information from
other terminals. Herein, the other terminals are terminals
capable of performing D2D communication and their loca-
tions are already known to the base station. The signal 1s a
D2D signal and may be one of a D2D discovery signal, a
D2D communication signal, a D2D synchromization signal,
and a signal defined for assisting i1n positioning.

Next, in step 1703, the terminal selects one terminal based
on transmission powers and reception powers of the signals.
To achieve this, the terminal may determine power values
which are reduced by power control by using the maximum
transmission power and the reception powers, and may
compensate the reception powers using the reduced power
values. In addition, the terminal selects another terminal
which has transmitted a signal having the maximum com-
pensated reception power.

Thereatter, 1n step 1705, the terminal transmits 1dentifi-
cation information of the selected terminal. In other words,
the terminal requests the location information of the selected
terminal from the base station. Herein, the identification
information may be identified from the signals received 1n
step 1701.

In step 1707, the terminal receives the location informa-
tion of the selected terminal. That 1s, the terminal receives
the location information of another terminal which 1s deter-
mined to be the closest terminal. Accordingly, the terminal
completes positioning.

FIG. 18 1llustrates an example method for operating of a
terminal which assists 1n positioning by considering trans-
mission powers 1n a wireless communication system accord-
ing to an exemplary embodiment of the present disclosure.
FIG. 18 1llustrates an example of a method for operating of
the terminal 121 or the terminal 122.

Referring to FIG. 18, 1n step 1801, the terminal generates
a signal including transmission power iformation. In this
case, the terminal may generate the signal including the
transmission power mformation in response to a request or
indication being received from a base station or a terminal
which performs positioning. The signal 1s a D2D signal and
may be one of a D2D discovery signal, a D2D communi-
cation signal, a D2D synchronization signal, and a signal
defined for assisting in positioning.

Thereatter, 1n step 1803, the terminal transmits the signal
through a D2D link. That 1s, the terminal transmuits the signal
through the D2D link, that 1s, a direct link, such that
neighbor terminals receive the signal.

FIG. 19 1llustrates an example limiting a candidate group
ol neighbor terminals for positioning 1n a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure. FIG. 19 illustrates an embodiment of
limiting a D2D terminal candidate group for comparing
reception powers based on reception times of D2D signals
and distance information between a D2D terminal and a base
station. Referring to FIG. 19, the terminal 120 performs
positioning using signals from other terminals 121 to 124. In
this case, the other terminals 121 to 124 may use different
transmission powers 1x ,, Txz, TX, and TX,, by performing
power control. In this case, the terminal 120 may limit a
candidate group by using reception powers Rx ,, Rx,, Rx.,
and Rx,, of signals received from the other terminals 121 to
124, reception time-related information t,, T5, T, and Tp,
and distance information d ,, d,, d., and d,, to the base
station.

FIG. 20 illustrates an example determiming a candidate
group ol neighbor terminals for positioning 1 a wireless
communication system according to an exemplary embodi-
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ment of the present disclosure. FIG. 20 illustrates an
example of distribution of terminals within coverage of the
base station 110. Referring to FIG. 20, there exists a plurality
ol terminals within the coverage of the base station 110. In
this case, the candidate group may be limited to terminals
located 1n the proximity of the terminal 120 which performs
positioning.

FIG. 21 illustrates examples times of receirving signals
from neighbor terminals in a wireless communication sys-
tem according to an exemplary embodiment of the present
disclosure. Referring to FIG. 21, the time oflsets regarding
the terminals 121 to 123, which are relatively close to the
terminal 120, are shorter than the time ofiset regarding the
base station 110. Based on this, the terminal 120 may
determine that the terminals 121 to 123 are located within a
predetermined range from the terminal 120. Accordingly, the
candidate group may be primarily limited according to the
time oflsets. Specifically, to limit the candidate group, the
terminal 120 selects the terminals 121 to 123, first, 1n an
ascending order of the time offsets of measured D2D signals.

Additionally, to further limit the candidate group, termi-
nals which do not have similar distances to the base station
110 may be excluded. That 1s, the terminal 120 may limait the
candidate group once again based on distances between the
other terminals 121 to 122 and the base station 110. In the
case of FIG. 20, since the distance between the base station
110 and each of the terminals 122 and 123 is similar to the
distance between the terminal 120 and the base station 110,
the terminals 122 and 123 are selected as a final candidate
group from among the terminals 121 to 123.

In other words, the terminal 120 discovers terminals
which have relatively short time offsets and discovers ter-
minals which have similar distances to the base station 110.
Accordingly, as shown in FIG. 20, the terminals 122 and 123
which satisty the two conditions are included 1n the candi-
date group. Since the D2D terminal candidate group for
comparing reception powers 1s limited to terminals located
in the proximity of the terminal 120 according to a time
ofl-based region 2010 and a base-terminal distance-based
region 2012, a positioning error caused by open loop power
control may be reduced. To satisty this, the terminals 121 to
123 may provide information regarding distances to the base
station 110. According to an exemplary embodiment, when
the wireless communication system conforms to the 3GPP
standard, the information on the distances may be transmit-
ted through a PSCCH or a PSSCH 1n the D2D communi-
cation signal.

When the candidate group 1s determined, the terminal 120
selects one terminal which 1s determined to be the closest
terminal from among the neighbor terminals included 1n the
candidate group. In this case, the terminal 120 may select a
reference terminal based on the reception power. Further-
more, the terminal 120 may additionally utilize modifica-
tion/compensation of the reception powers using the above-
described reception times or transmission powers.

FIG. 22 illustrates an example signal exchange for posi-
tionming using a candidate group 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure.

Referring to FIG. 22, in step 2201, the terminal 120
transmits an aid request to a plurality of terminals including,
D2D terminals 121 to 123. In other words, the terminal 120
transmits a message requesting aid for positioning to neigh-
bor terminals. The aid request may be transmitted to the
terminals 121 and 122 using D2D signals. According to
another exemplary embodiment, the terminal 120 may trans-
mit the aid request to the base station 110. In this case, the
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base station 110 may transmit a message mstructing to assist
in positioning to the terminals.

In step 2203, each of the plurality of D2D terminals
including the D2D terminals 121 to 123 transmit a D2D
communication signal. Herein, the D2D communication
signal 1ncludes identification information and distance-re-
lated information of each of the D2D terminals 121 to 123.
For example, the distance-related information may be timing
advance (TA). The TA 1s control mmformation used {for
adjusting a transmission timing of a terminal, and 1s trans-
mitted to a terminal during a network accessing procedure.
Accordingly, since the D2D terminals 121 to 123 already
own TA information, the TA may be included in the D2D
communication signals. According to another exemplary
embodiment, instead of the D2D communication signal, a

D2D discovery signal or a D2D synchronization signal may
be used or a D2D signal defined for assisting 1n positioning
may be used.

In step 2205, the terminal 120 estimates reception times
of the D2D discovery signals received from the D2D ter-
minals 121 to 123. The terminal 120 may detect the recep-
tion time by performing a correlation operation with respect
to a reference signal included 1n the D2D discovery signal.
In this case, the reception time may be expressed by a
sample unit and the terminal 120 may convert the reception
time 1nto a time oflset.

In step 2207, the terminal 120 selects a candidate group
of D2D terminals to be selected for positioning based on the
reception times and the distance-related information. In
other words, the terminal 120 limits the candidate group,
that 1s, limits a range of selectable D2D terminals, by using
the TA values of the D2D terminals 121 to 123 which are
received 1 step 2203, and the time oflsets regarding the
D2D terminals 121 to 123 which are estimated 1n step 2205.
In this case, the present embodiment assumes that the D2D
terminals 122 and 123 are selected.

In step 2209, the terminal 120 measures reception powers
regarding the D2D communication signals received from the
D2D terminals 122 and 123. The reception power may be
measured based on a size of a signal, energy, or the like.

In step 2211, the terminal 120 selects a D2D terminal
which 1s determined to be the closest terminal using the
reception powers of the D2D communication signals. That
15, the terminal 120 selects a terminal which has the maxi-
mum reception power as the D2D terminal determined to be
the closest terminal. According to another exemplary
embodiment, the terminal 120 may select the D2D terminal
based on the transmission powers of the D2D terminals 122
and 123 and time offsets regarding the D2D terminals 122
and 123.

In step 2213, the terminal 120 transmits identification
information of the selected D2D terminal to the base station
110. In other words, the terminal 120 transmits a message
indicating the D2D terminal which 1s determined to be the
closest terminal.

In step 2213, the base station 110 transmits the location of
the selected D2D terminal to the terminal 120. In other
words, the base station 110 transmits the location informa-
tion of the D2D terminal indicated by the message recerved
in step 2213.

FIG. 23 illustrates an example method for operating of a
terminal which performs positioning using a candidate
group 1n a wireless communication system according to an
exemplary embodiment of the present disclosure. FIG. 23
illustrates an example of a method for operating of the
terminal 120.
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Referring to FIG. 23, 1n step 2301, the terminal receives
signals 1ncluding information distances to a base station
from other terminals. Herein, the distance-related informa-
tion may be TA values of the other terminals.

Next, i step 2303, the terminal determines a terminal 35
candidate group based on reception times of the signals and
distance-related information. That 1s, the terminal measures
reception times of the signals received in step 2301 and
identifies distance-related information included in the sig-
nals. In addition, the terminal selects some of the terminals 10
primarily using the reception times of the signals, and
determines a final candidate group from some of the selected
terminals based on the distance-related information. Spe-
cifically, the terminal selects some of the terminals which
have smaller time offsets than the time oflset for the base 15
station and includes, 1n the candidate group, at least one
terminal which has transmitted TA of a similar value to that
of the TA of the terminal. In other words, the terminal
includes, 1n the candidate group, at least one terminal which
has TA having a diflerence from the TA of the terminal by 20
a threshold value or less.

Thereafter, 1n step 2305, the terminal performs position-
ing using the terminals included in the candidate group. That
1s, the terminal measures reception powers of the signals
received 1n step 2301, and selects another terminal which 25
has the maximum reception power as a reference terminal.
The terminal requests a location of the reference terminal
from the base station and receives the location of the
reference terminal. In this case, according to another exem-
plary embodiment, time oflsets or transmission powers may 30
turther be used 1n addition to the reception powers.

As described above, the terminal 120 uses the reception
power of the D2D signal to perform positioming. In this case,
according to various exemplary embodiments, the terminal
120 may modily the reception powers using the reception 35
times, compensate the reception powers using the transmis-
sion powers, or limit the range of selectable terminals. The
present disclosure describes exemplary embodiments sepa-
rately, but the above-described embodiments may be selec-
tively implemented according to a situation. In this case, the 40
operations of the terminal are shown 1n FIGS. 24 and 25.

FIG. 24 illustrates an example method for operating of a
terminal which assists in positioning 1n a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure. FIG. 24 1llustrates an example of a 45
method for operating of the terminal 121 or the terminal 122.
However, some of the operation steps described with refer-
ence to FIG. 24 may be omitted according to various
exemplary embodiments.

Referring to FIG. 24, in step 2401, the terminal deter- 5o
mines whether a terminal (for example, the terminal 120)
performing positioning uses reception times or not. For
example, it may be determined whether the reception times
are used or not through a receirved aid request or operation
indication. When 1t 1s determined that the reception times are 55
used, the terminal proceed to step 2403 to transmit a D2D
discovery signal.

On the other hand, when 1t 1s determined that the recep-
tion times are not used, the terminal proceeds to step 2405
to determine whether the terminal (for example, the terminal 60
120) performing positioning uses transmission powers or
not. For example, 1t may be determined whether the trans-
mission powers are used or not through a received aid
request or operation mdication. When the aid request or the
operation indication includes an indication instructing to 65
transmit information regarding a transmission power, the
terminal determines that the transmission powers are used.
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When the transmission powers are used, the terminal
proceeds to step 2407 to configure transmission power
information of the terminal 1n a D2D communication signal.
In addition, the terminal proceeds to subsequent step 2411.
On the other hand, when the transmission powers are not
used, the terminal proceeds to step 2409 to configure TA
information of the terminal 1n the D2D communication
signal. Thereafter, the terminal transmits the D2D commu-
nication signal 1n step 2411.

FIG. 235 illustrates an example method for operating of a
terminal which performs positioming 1n a wireless commu-
nication system according to an exemplary embodiment of
the present disclosure. FIG. 25 illustrates an example of a
method for operating of the terminal 120. However, accord-
ing to various exemplary embodiments, some of the opera-
tion steps described with reference to FIG. 25 may be
omitted.

Referring to FIG. 25, 1 step 2501, the terminal deter-
mines whether the terminal 1s in a radio resource control
(RRC) 1dle state or not. Since the terminal cannot receive a
D2D communication signal in the RRC idle state, a posi-
tioning method to be used may vary according to whether
the terminal 1s 1n the RRC 1dle state or not.

When the terminal 1s 1n the RRC 1dle state, the terminal
proceeds to step 2503 to transmit an aid request for posi-
tioning to a base station. Thereafter, in step 23505, the
terminal determines whether weight information 1s received
or not. The weight information 1includes weight values to be
applied to reception powers measured to be modified and to
reception powers obtained from reception times. When the
weilght information 1s received, the terminal proceeds to step
2507 to receive D2D discovery signals and then detect
identification information included in the D2D discovery
signals. Next, 1n step 2509, the terminal estimates reception
powers and reception times regarding the D2D discovery
signals. In addition, 1 step 2511, the terminal generates a
new power relerence using the reception powers and the
reception times. In other words, the terminal converts the
reception times into power values and calculates modified
reception powers by performing weighted-sum with respect
to the reception powers and the power values. Next, i step
2513, the terminal selects a signal which has the maximum
new power reference value. In other words, the terminal
identifies a signal which has the maximum modified recep-
tion power from among the plurality of signals received in
step 2507. Next, 1n step 2515, the terminal transmits 1den-
tification information 1included in the selected signal, that 1s,
identification information of another terminal which has
transmitted the selected signal, to the base station. In step
2517, the terminal determines whether location information
of the D2D terminal, that 1s, of the terminal which uses the
identification information transmitted in step 2515, 1is
received or not. When the location information 1s received,
the terminal proceeds to step 2519 to determine the termi-
nal’s own location according to the recerved information.

In step 2501, when the terminal 1s not 1n the RRC idle
state, the terminal proceeds to step 2521 to determine
whether transmission powers are used or not. When the
transmission powers are used, the terminal proceeds to step
2523 to transmit an aid request for positioning to the base
station. In this case, the aid request may include a parameter
informing that the transmission powers are requested. Next,
in step 2525, the terminal receives D2D communication
signals and detects 1dentification information and transmis-
sion power level information from the D2D communication
signals. In step 2527, the terminal measures reception pow-
ers regarding the D2D communication signals. Thereafter, in
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step 2529, the terminal generates a new power reference
using the transmission powers and the reception powers. In
other words, the terminal calculates a power value which 1s
reduced by power control using the transmission powers and
the maximum transmission power, and calculates a modified
reception power by adding the reduced power value and the
reception power measured 1n step 2527. Thereafter, in step
2513, the terminal selects a signal which has the maximum
modified reception power. Next, 1in step 25135, the terminal
transmits 1dentification mformation included in the selected
signal, that 1s, identification information of another terminal
which has transmitted the selected signal, to the base station.
In step 2517, the terminal determines whether location
information of the D2D terminal, that 1s, of the terminal
which uses the identification information transmitted 1n step
2515, 1s recetved or not. When the location information 1s
received, the terminal proceeds to step 2519 to determine the
terminal’s own location according to the received informa-
tion.

In step 2521, when the transmission powers are not used,
the terminal proceeds to step 2531 to transmit an aid request
for positioning to the base station. Herein, the aid request
may include a parameter informing that distance information
1s requested. Next, 1in step 2533, the terminal receives D2D
communication signals and detects identification informa-
tion and TA size information from the D2D communication
signals. In step 2533, the terminal measures receptions times
regarding the D2D communication signals. Thereafter, in
step 2537, the terminal selects a candidate group of the D2D
terminals using the TA and the reception times. After select-
ing the candidate group, 1n step 2539, the terminal measures
reception powers regarding the selected D2D communica-
tion signals. Thereatter, in step 2541, the terminal selects a
signal which has the maximum reception power from the
selected candidate group. Next, 1 step 2515, the terminal
transmits 1dentification information included 1n the selected
signal, that 1s, identification information of another terminal
which has transmitted the selected signal, to the base station.
In step 2517, the terminal determines whether location
information of the D2D terminal, that 1s, location informa-
tion of the terminal using the identification information
transmitted 1n step 2515, 1s received or not. When the
location information is received, the terminal proceeds to
step 2519 to determine the terminal’s own location accord-
ing to the received information.

As described above, the terminal 120 determines prox-
imity based on the reception powers and performs position-
ing using the proximity. In another positioning method, a
propagation delay of a signal may be used. This 1s because
the propagation delay is influenced by a physical distance
between the base station 110 and the terminal 120. Accord-
ingly, an operation time (for example, time of transmitting
and receiving signals) of the terminal may be determined or
a location of the terminal may be determined using the
propagation delay. However, when the propagation delay 1s
used, the accuracy of measurement of the location or opera-
tion time may depend on a communication environment of
the terminal 120. Heremaifter, an example of a wireless
environment of the terminal 120 will be described 1n FIG.
26.

FIG. 26 1llustrates an example non-line of sight (NLOS)
environment 1 a wireless communication system according
to an exemplary embodiment of the present disclosure.
Referring to FIG. 26, due to obstacles 2650 and 2660 (for
example, a building, a wall) located 1n a line of sight (LOS)
path between a terminal 2620 and a base station 2610, a
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signal transmitted from the base station 2610 may be
received through a reflection path.

The terminal 2620 discovers a time point at which the
maximum power 1s measured in order to detect a reference
signal transmitted from the base station 2610. When
obstacles are located 1n the LOS path between the terminal
2620 and the base station 2610, a signal power 1s greatly
reduced due to a penetration loss. Accordingly, the terminal
2620 does not detect a signal at the time when the signal 1s
received through the LOS path. On the other hand, since a
signal on the NLOS path which suflers from a reflection loss
by being reflected by other obstacles has a relatively great
power, the terminal 2620 detects a time at which the signal
on the NLOS path 1s received. However, since the signal
received at the detected time 1s received through the NLOS
path, that 1s, a detour path, rather than the LOS path between
the terminal 2620 and the base station 2610, that 1s, a direct
path, a positive error occurs regarding the reception time as
much as a path difference. This may cause a problem that a
distance between the terminal 2620 and the base station
2610 1s estimated longer than the real distance between the
terminal 2620 and the base station 2610. For example, a
problem shown 1n FIG. 27 may occur.

FIG. 27 illustrates an example positioning error caused by
NLOS 1 a wireless communication system according to an
exemplary embodiment of the present disclosure. FIG. 27
illustrates an example of a situation in which positioning
technology using a propagation delay 1s used. Referring to
FIG. 27, the location of a terminal 2720 may be estimated
based on a propagation delay on each of base stations 2710
to 2712. However, since the terminal 2720 1s placed 1n the
NLOS environment, the propagation delay does not exactly
reflect a physical distance. Accordingly, a positioning error
may OcCcCuUr.

Since a recent wireless communication environment
includes not only existing large base stations, but also small
base stations or access points (APs), 1t 1s easy to guarantee
a plurality of reference nodes for positioning. In view of
positioning performance, 1t 1s advantageous to utilize a small
number of reference nodes having no NLOS delay, rather
than utilizing a large number of reference nodes including an
NLOS delay. Accordingly, when it 1s possible to distinguish
a link having an NLOS delay from a plurality of links,
positioning performance can be enhanced by excluding the
link having the NLOS delay. In addition, when it 1s possible
to 1dentify NLOS, an NLOS reduction technique of appro-
priate performance may be adaptively used from among
vartous NLOS reduction techniques. That 1s, the terminal
120 or the base station 110 can be more ¢ 101ently operated
in terms ol operation complexity by applying a high-per-
formance reduction technique to a link where a big NLOS
delay occurs.

Accordingly, 1n the present disclosure, embodiments for
identifving whether an NLOS delay occurs 1n a wireless
communication link between a base station and a terminal
will be described. The NLOS link identification technique,
which will be described below, uses a value which changes
according to signal propagation distance to a base station
from among values measurable 1n the wireless environment.
This 1s based on the technical fact that, when terminals are
so close to perform D2D commumnication, values changing
according to a signal propagation distance in the same LOS
environment are the same or similar. That 1S, a communi-
cation environment may be inferred by using a value which
changes according to a distance to a base station from among
various values measurable 1n a wireless environment. For
example, a value changing according to a signal propagation




US 10,536,924 B2

25

distance may include a transmission power or TA. Accord-
ing to an exemplary embodiment, 1t may be determined
whether an NLOS delay occurs on a base station-terminal
link by comparing transmission powers of the terminal 120
to be 1dentified and neighbor terminals. In this case, embodi-
ments for determining whether an NLOS delay occurs on a
base station-terminal link by using a D2D signal will be
described.

As described above, the terminals 1in the wireless com-
munication system may perform open loop power control.
This 1s to make a signal transmitted by a terminal arrive at
a base station with a constant power regardless of a distance
between the base station and the terminal. Accordingly,
terminals having similar physical distances to a base station
through an LOS path use similar transmission powers
according to the principle of the open loop power control.
The mtluence of the NLOS environment on the open loop
power control 1s shown 1 FIG. 28.

FIG. 28 illustrates an example change 1n a transmission
power caused by an NLOS environment in a wireless
communication system according to an exemplary embodi-
ment of the present disclosure. Referring to FIG. 28, a link
between a terminal 2820 and a base station 2810 1s an NLOS
link. Accordingly, a propagation delay (=d,,., +drz0s)
which 1s larger than a propagation delay (d,,,,,, ) of an LOS
link by D, ,¢ occurs. Accordingly, when the link between
the terminal 2820 and the base station 2810 1s determined as
the LOS link, 1n other words, d,,,, +d,; g 1s determined as
the propagation delay of the LOS link, an estimated location
of the terminal may be different from a real location.

In addition, when the terminal-base station link has an
NLOS delay as shown 1 FIG. 28, the terminal 2820 suflers
from a relatively big path loss 1n comparison to an LOS path
environment due to a distance increased as much as the
NLOS delay and the propagation delay. As a result, the
terminal 2820 performs communication using a higher trans-
mission power than in the case of the LOS path under the
open loop power control.

Accordingly, 1t may be estimated that a terminal which
uses an abnormally higher transmission power than neighbor
terminals has an NLOS link with a base station, based on a
characteristic that the terminal performs open loop power
control when transmitting an uplink signal. Since terminals
located at similar locations have similar distances to the base
station, 1t 1S common that the terminals have similar trans-
mission powers. Accordingly, according to various exem-
plary embodiments, the presence/absence of NLOS on the
terminal-base station link may be determined by comparing,
the transmission power levels of neighbor terminals.

To 1dentify an NLOS link by comparing transmission
power levels, transmission powers of neighbor terminals
may be compared. However, since the open loop power
control determines transmission powers without feedback to
the base station, the base station may not know the trans-
mission power level of the terminals. In addition, each
terminal knows only the terminal’s own transmission power
level and may not know transmission power levels of the
neighbor terminals. Accordingly, in order to estimate the
transmission power levels of the terminals necessary for
identifying an NLOS link, the present disclosure describes
embodiments of using data or measurement information 1n
a D2D signal exchanged between the terminals. Accord-
ingly, the presence/absence of an NLOS link may be deter-
mined through a procedure shown in FIG. 29.

FIG. 29 illustrates an example determining an NLOS
environment using neighbor terminals 1 a wireless com-
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of the present disclosure. Referring to FIG. 29, the terminal
120 1s 1n an NLOS environment. The neighbor terminals 121
and 122 receive D2D signals transmitted from the terminal
120 and then estimate a transmission power of the terminal
120. In addition, each of the neighbor terminals 121 and 122
compares the estimated transmission power and transmis-
sion power of the terminal 121 and 122, respectively, and
reports a result of the comparison to the base station 110.
Accordingly, the base station 110 may determine whether a
link with the terminal 120 1s the NLOS link or not based on
the report from the neighbor terminals 121 and 122.

The procedure of determining the presence/absence of an
NLOS link according to various exemplary embodiments
may be divided into a step of requesting 1dentification of a
target terminal, a step of identifying neighbor terminals, a
step of reporting a result of identification, and a final
determination step. Hereinafter, the respective steps will be
described 1n detail.

The 1dentification request step may be performed as
shown 1 FIGS. 30A and 30B. FIGS. 30A and 30B 1llustrate
examples various methods for requesting NLOS 1dentifica-
tion 1n a wireless communication system according to an
exemplary embodiment of the present disclosure. The 1den-
tification request step refers to a process in which the
terminal 120 wanting to 1dentity the presence/absence of an
NLOS link requests the base station 110 or neighbor termi-
nals 121 and 122 to identity the NLOS. FIG. 30A illustrates
an example of a centered request and FI1G. 30B illustrates an
example of a distributed request.

Referring to FIG. 30A, the terminal 120 requests the base
station 110 to 1dentify the NLOS through an uplink signal.
The base station 110 which receives the request requests the
terminals 121 and 122 1n a cell to aid the terminal 120 in
identifying the NLOS through a downlink signal. Referring
to FIG. 30B, the terminal 120 directly requests the neighbor
terminals 121 and 122 to aid in identifying the NLOS
through a D2D signal.

The 1dentification step may be performed as follows. The
identification step 1s a process 1n which each of the neighbor
terminals 121 and 122 requested to assist i identifying the
NLOS receives a D2D signal one or more times and then
determines the presence/absence of LOS and NLOS.
According to various exemplary embodiments, the identifi-
cation step may be largely divided into a transmission
power-based method and a reception power-based method.

According to the transmission power-based method, the
terminal 120 may directly transmit the terminal 120°s own
transmission power level information through a D2D signal.
The transmission power level information may be transmit-
ted 1n the form of a bit in the D2D signal. Accordingly, the
neighbor terminals 121 and 122 assisting 1n identifying the
NLOS may directly compare the transmission power levels.
For example, a determination 1s made according to the result
of the comparison as shown 1n Equation 3 presented below:

Ix x> (TX 4P i) NLOS

IxxATX4HP s i) L OS Equation 3

In Equation 3, TX, 1s a transmission power of a terminal
which requests to determine the presence/absence of NLOS,
Tx , 1s a transmission power of a terminal which receives an
identification request, and P, .., 1s a margin obtained
considering a transmission power diflerence caused by a
physical distance under the open loop power control. The
margin may be set as an appropriate value to reduce a
probability that identification is erroneously performed. The
margin may be pre-defined, may be determined by a base
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station, or may be adaptively determined by measuring a
distance between the terminals performing D2 communi-
cation.

According to the reception power-based method, the
neighbor terminals 121 and 122 assisting 1n identifying the
NLOS estimate the transmission power level of the terminal
120 using the reception power of the D2D signal transmitted
by the terminal 120. In addition, the presence/absence of the
NLOS may be determined using the estimated transmission
power as shown Equation 4 presented below:

Ix'yv>1x 4 NLOS

Ix'v<Ix,4: LOS Equation 4

In Equation 4, Tx', 1s an estimate transmission power of
a terminal which requests to determine the presence/absence
of NLOS, and Tx, 1s a transmission power of a terminal
which receives an 1dentification request.

To estimate the transmission power based on the reception
power, the neighbor terminals 121 and 122 may use an
estimated value of a path loss. For example, the neighbor
terminals 121 and 122 may estimate a transmission power
using a fixed path loss value occurring regardless of a
distance. For example, the transmission power may be
estimated as shown 1n Equation 5:

Ix'=Rx 5, AAmin-PL Equation 5

In Equation 5, TX', 1s an estimated transmission power of
a terminal which requests to determine the presence/absence
of NLOS, Rx, ., 1s a measured reception power, and
min-PL 1s a fixed path loss value occurring regardless of a
distance, that 1s, a minimum path loss value.

The fixed path loss may be determined according to a path
loss model as shown in FIG. 31. FIG. 31 illustrates an
example path loss model 1 a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. Referring to FIG. 31, 1n the case of the LOS
environment and the NLOS environment, a path loss
increases as a distance increases. However, it 1s 1dentified
that a path loss of about 48.2684 dB fixedly occurs regard-
less of a distance. Accordingly, the fixedly occurring path
loss may be used to estimate a transmission power.

When a reception power 1s analyzed using the fixed path
loss, the reception power may be calculated as shown 1n
Equation 6 presented below:

Ryy . 4=Txx~PLy . =T33 PL(d)x . 4+
min-PL }=Tx —min-PL

Equation 6

In Equation 6, TX',-1s an estimated transmission power of
a terminal which requests to determine the presence/absence
of NLOS, Tx,-1s a transmission power of the terminal which
requests to determine the presence/absence of NLOS,
Rx, ., 1s a measured reception power, PL(d),- . , 1s a path
loss value which increases according to a distance, and
min-PL 1s a fixed path loss value which occurs regardless of
a distance.

The fixed path loss value may be pre-defined in the form
of a system configuration based on the path loss model as
shown 1n FIG. 31, or may be adaptively determined accord-
ing to a communication environment. In addition, each
terminal may estimate the fixed path loss value based on a
reception power (=maximum reception power) value of a
D2D signal transmitted by another terminal closest thereto.
Specifically, the terminal may estimate a diflerence between
the terminal’s own transmission power and the reception
power regarding another terminal closest thereto as the fixed
path loss. For example, the fixed path loss value may be
estimated as shown 1n Equation 7 presented below:
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Txs —max(Rx;,4) = Txqa —max{Tx; — PL;_ 4} Equation 7
= Tx4 —max{Tx; — [PL{d),, . +
min - PL]}
= Txq —max{Tx; — PL{d),_, 4} +
min - PL
~min - PL{ " Tx4 = Tx;, and d =~ 0O)

In Equation 7, Tx , 1s a transmission power of a terminal
A, Rx, _ , 1s a reception power of a signal transmitted from
a terminal 1, measured by the terminal A, PL, . , 1s a path loss
of a channel between the terminal 1 and the terminal A,
PL(d), . , 1s a path loss value which increases according to
a distance in the channel between the terminal 1 and the
terminal A, and min-PL 1s a fixed path loss value.

FIGS. 32A and 32B illustrate examples relationship of a
transmission power according to power control 1n a wireless
communication system according to an exemplary embodi-
ment of the present disclosure. FIG. 32 A 1llustrates a case in

which the terminal 120 uses a greater transmission power,
and FIG. 32B illustrates a case in which the terminal 121
uses a greater transmission power. Referring to FIG. 32A,
since the terminal 120 1s farther from the base station 110
than the terminal 121, the terminal 120 may use a greater
transmission power than that of the terminal 121. In this
case, when the terminal 121 estimates a transmission power
regarding the terminal 120, the estimated transmission
power of the terminal 120 may be smaller or equal to the
transmission power of the terminal 121 due to a path loss.
Referring to FIG. 32B, since the terminal 121 1s farther from
the base station 110 than the terminal 120, the terminal 121
may use a greater transmission power than that of the
terminal 120. In this case, when the terminal 121 estimates
a transmission power regarding the terminal 120, the esti-
mated transmission power of the terminal 120 may be
smaller than the transmission power of the terminal 121.

In other words, when the neighbor terminals 121 and 122
correctly perform power control according to the distances
to the base station 110, the estimated transmission power of
the target terminal 120 1s never greater than the transmission
powers of the neighbor terminals 121 and 122. That 1s, 1n the
case of an LOS environment as shown in FIGS. 32A and
32B, 1t 1s guaranteed that the estimated transmission power
of the target terminal 120 1s smaller than the transmission
powers of the neighbor terminals 121 and 122. In other
words, when the estimated transmission power of the target
terminal 120 1s greater than the transmission powers of the
neighbor terminals 121 and 122, this means that there occurs
an NLOS delay 1n the link of the terminal 120.

The above-described NLOS identification operation 1s
performed based on power information. According to
another embodiment, instead of power information, TA
information may be used to 1dentity NLOS. The TA reflects
a distance to the base station 110. Accordingly, when there
1s an NLOS delay in the link with the base station 110, a
corresponding terminal has a greater TA value than those of
neighbor terminals and thus the TA may perform the same
role as the transmission power information. According to an
exemplary embodiment, the terminal 121 detects a TA value
in a D2D communication signal transmitted by the terminal
120, and then compares the TA value and the TA value of the
terminal 121. When the TA value of the terminal 120 1s
greater than the TA value of the terminal 121, the terminal
121 may determine that the link of the termmal 120 1s an
NLOS link.
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The 1dentification result reporting step may be performed
as follows. According to an exemplary embodiment, the
neighbor terminals 121 and 122 may report the result of the
identification of the NLOS link regarding the terminal 120
to the base station 110. According to another embodiment,
the neighbor terminals 121 and 122 may report the result of
the 1dentification of the NLOS link regarding the terminal
120 to the base station 110 with i1dentification information.
This 1s effective when 1t 1s determined whether there 1s an

NLOS link regarding a plurality of terminals. According to
still another embodiment, the neighbor terminals 121 and
122 may report a diflerence value between the transmission
powers regarding the terminal 120 or a difference value
between the TA values to the base station 110. This may be
cllective when an approximate length of an NLOS delay 1s
to be transmitted.

The final determination step may be performed as fol-
lows. The final determination step 1s a process 1 which an
object (Tor example, the base station 110, the terminal 120),
which receives the result of the identification of the termi-
nals 121 and 122 assisting 1n identifying the NLOS, finally
determines the presence/absence of NLOS based on at least
one of the reported results of the 1dentification.

FI1G. 33 1llustrates an example possibility of an additional
loss of power 1n a wireless communication system according
to an exemplary embodiment of the present disclosure.
Referring to FIG. 33, when the target terminal 120 transmuits
a D2D signal, a reception power measured by the terminal
121 1s smaller than a transmission power due a reduced path.
Furthermore, due to an influence by a channel situation such
as an obstacle, a shadowing loss may further occur. Accord-
ingly, the reception power may be measured smaller than the
value reduced by the reduced path.

In other words, due to the characteristic of the path loss
which becomes more serious at a short distance and the
shadowing loss additionally occurring in measuring the
reception power, the following detection characteristics
appear. First, even when the terminal 120 1s an NLOS link
and thus uses a great transmission power, an estimated
transmission power of the terminal 120 may be smaller than
or equal to a transmission power of the terminal 121 due to
the big path loss. To this end, an NLOS link may be wrongly
identified as an LOS link. Accordingly, even when the LOS
link 1s 1dentified according to the above-described proce-
dure, there 1s a possibility that the LOS link 1s an NLOS link.
On the other hand, when the terminal 120 1s an LOS link, the
terminal 120 uses a small transmission power and thus there
1s a very low possibility that the estimated transmission
power of the terminal 120 1s greater than the transmission
power of the terminal 121. That 1s, 1t 1s not probable that the
LOS link 1s wrongly identified as the NLOS link. In other
words, when the NLOS link 1s 1dentified according to the
above-described technique, there 1s a very low possibility
that the NLOS link 1s identified as the LOS link.

As aresult, according to various exemplary embodiments,
the LOS determination may have high miss detection but
have a very low false alarm. Accordingly, even when a small
number of terminals from among a large number of termi-
nals (for example one terminal) 1s determined as having
NLOS, the miss detection can be greatly reduced by iden-
tifying a corresponding link as the NLOS link. Contrary to
this, a number of terminals greater than or equal to a
threshold may be determined as having L.OS to make a final
determination that terminals have an LOS link. Herein, the
threshold may be defined by a total number of all terminals,
a specific ratio, or a specific number.
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FIG. 34 1llustrates an example method for operating of a
terminal which determines the presence/absence of NLOS 1n
a wireless communication system according to an exemplary
embodiment of the present disclosure. FIG. 34 1llustrates an
example of a method for operating of the terminal 121 or
terminal 122.

Referring to FIG. 34, in step 3401, the terminal receives
a signal from a target terminal. The signal 1s a D2D signal
and may be a D2D communication signal, a D2D discovery
signal, a D2D synchronization signal, or a signal defined for
determining the presence/absence of NLOS. According to
various exemplary embodiments, the signal may include a
transmission power or TA of the target terminal.

In step 3403, the terminal determines the presence/ab-
sence of NLOS based on values which change according to
a distance to the base station. Herein, the distance refers to
a signal propagation distance rather than a physical distance.
For example, as a value changing according to a distance to
the base station, a transmission power or TA may be used.
When the transmission power 1s used, the terminal may
estimate a transmission power ol the target terminal or
identily transmission power information included in the
signal recetved in step 3401. In addition, the terminal
compares the terminal’s own transmission power and the
transmission power of the target terminal. As a result, when
the transmission power of the terminal 1s smaller than the
estimated transmission power of the target terminal, the
terminal determines that a link of the target terminal 1s an
NLOS link. Alternatively, when the signal received 1n step
3401 includes transmission power information, and a sum of
the transmission power of the terminal and a power margin
1s smaller than the transmission power of the target terminal,
the terminal may determine that the link of the target
terminal 1s an NLOS link. When the TA 1s used, the terminal
may 1dentily information regarding the TA of the target
terminal included in the signal, and, when the TA of the
target terminal 1s greater than the TA of the terminal, the
terminal determines that the link of the target terminal 1s an
NLOS link.

Thereatter, in step 3405, the terminal transmits informa-
tion related to the NLOS determination. In this case, accord-
ing to various exemplary embodiments, the terminal may
transmit the information related to the NLOS determination
to the base station or to the target terminal. In addition,
according to various exemplary embodiments, the terminal
may transmit information on the presence/absence of NLOS,
transmit information on the presence/absence of NLOS and
identification information of the target terminal, transmait the
transmission powers or TA values, or transmit the results of
comparing the transmission powers or the TA values.

FIG. 35 illustrates an example method for operating of a
terminal which determines the presence/absence of NLOS
based on a transmission power 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. FIG. 33 1llustrates a single auxiliary terminal
121, but two or more auxiliary terminals may participate in

the procedure of FIG. 35.

Retferring to FIG. 35, in step 3501, the terminal 120
transmits an NLOS 1dentification request to the base station
110. In other words, the terminal 120 transmuits, to the base
station 110, a message requesting the base station 110 to aid
in 1identifying NLOS. For example, the NLOS 1dentification
request may be a parameter which 1s 1 bit long and may be
included as a part of another control message or may be
configured as a separate message.

In step 3503, the base station 110 transmits an NLOS
identification aid request to the terminal 121. In other words,
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the base station 110 may instruct the terminal 121 to
determine whether the link of the terminal 120 1s an NLOS
link or not. The NLOS 1dentification aid request may 1nclude
information for instructing to assist in 1dentitying the NLOS
and mformation indicating whether a reception power or a
transmission power 1s used to assist 1 1dentitying the
NLOS. In this case, the NLOS identification aid request may
be a parameter which 1s 2 bits long. According to another
embodiment, the NLOS identification aid request to the
terminal 121 may be received from the terminal 120 via a
D2D link. In this case, step 3501 may be omitted.

In step 3505, the base station 110 transmits an NLOS
identification request acceptance to the terminal 120. In
other words, the base station 110 informs the terminal 120
that the request for the NLOS 1dentification 1s accepted. That
15, the base station 110 instructs the terminal 120 to transmit
a D2D signal. For example, the NLOS 1dentification request
acceptance 1s a parameter which 1s 1 bit long and may be
included as a part of another control message or may be
configured as a separate message.

In step 3507, the terminal 120 transmits a D2D signal.
Herein, the D2D signal includes identification information
and transmission power information of the terminal 120. The
D2D signal may be a D2D commumnication signal, a D2D
discovery signal, a D2D synchronization signal, or a signal
defined {for identifying NLOS. According to another
embodiment, TA information rather than the transmission
power information may be included 1n the D2D signal.

In step 3509, the terminal 121 detects the transmission
power information. That 1s, the terminal 121 may identify
the transmission power information included in the D2D
signal. According to another embodiment, the terminal 121
may 1dentily the TA information of the terminal 120
included in the D2D signal.

In step 3511, the termunal 121 compares levels of the
transmission powers. In this case, the terminal 121 may
compare the transmission powers by considering a power
margin. Unlike this, when the TA information 1s not included
in the D2D signal, the terminal 121 may compare the
terminal 121°s own TA and TA of the terminal 120.

In step 3513, the terminal 121 estimates whether NLOS
occurs or not. That 1s, the terminal 121 determines whether
the link of the terminal 120 1s an NLOS link according to a
result of the comparison 1n step 3511. For example, when a
sum of the transmission power of the terminal 121 and the
power margin 1s smaller than the transmission power of the
terminal 120, the terminal 121 may determine that the link
of the terminal 120 1s an NLOS link. According to another
embodiment, when the TA of the terminal 120 1s greater than
the TA of the terminal 121, the terminal 121 may determine
that the link of the terminal 120 1s an NLOS link.

In step 35135, the terminal 121 transmits an identification
result report to the base station 110. The identification result
may be configured by a parameter which 1s 1 bit long and
indicates the presence/absence of NLOS. However, accord-
ing to another embodiment, the identification result report
may 1nclude the identification information of the terminal
120. According to another embodiment, the identification
result report may include information indicating the result of
the comparison 1n step 3511. According to another embodi-
ment, the terminal 121 may transmit the identification result
report to the terminal 120. In this case, subsequent step 3517
may be omitted.

In step 3517, the base station 110 performs final NLOS
identification. The base station 110 finally determines the
presence/absence of NLOS based on the identification result
report from the terminal 121. In this case, an identification
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result report from another terminal 1n addition to the termi-
nal 121 may further be considered. When a plurality of
identification result reports are collected, and a number of
reports greater than or equal to a threshold indicate LOS, the
base station 110 may determine that the link of the terminal
120 1s an LOS link. Otherwise, the base station 110 deter-
mines that the link of the terminal 120 1s the NLOS link.
Although not shown in FIG. 35, the base station 110 may
notily the final determination to the terminal 120.

FIG. 36 illustrates an example method for operating of a
terminal which determines the presence/absence of NLOS
based on a reception power 1n a wireless communication
system according to an exemplary embodiment of the pres-
ent disclosure. FIG. 36 1llustrates a single auxiliary terminal

121, but two or more auxiliary terminals may participate in
the procedure of FIG. 36.

Referring to FIG. 36, in step 3601, the terminal 120
transmits an NLOS 1dentification request to the base station
110. In other words, the terminal 120 transmits, to the base
station 110, a message requesting the base station 110 to aid
in 1dentifying NLOS. For example, the NLOS 1dentification
request may be a parameter which 1s 1 bit long and may be
included as a part of another control message or may be
configured as a separate message.

In step 3603, the base station 110 transmits an NLOS
identification aid request to the terminal 121. In other words,
the base station 110 may instruct the terminal 121 to
determine whether the link of the terminal 120 1s an NLOS
link or not. The NLOS i1dentification aid request may include
information for mstructing to assist in identifying the NLOS
and information indicating whether a reception power or a
transmission power 1s used to assist i 1dentifying the
NLOS. In this case, the NLOS identification aid request may
be a parameter which 1s 2 bits long. According to another
embodiment, the NLOS identification aid request to the
terminal 121 may be received from the terminal 120 via a
D2D link. In this case, step 3601 may be omitted.

In step 36035, the base station 110 transmits an NLOS
identification request acceptance to the terminal 120. In
other words, the base station 110 informs the terminal 120
that the request for the NLOS 1dentification 1s accepted. That
15, the base station 110 instructs the terminal 120 to transmit
a D2D signal. For example, the NLOS 1dentification request
acceptance 1s a parameter which 1s 1 bit long and may be
included as a part of another control message or may be
configured as a separate message.

In step 3607, the terminal 120 transmits a D2D signal.
Herein, the D2D signal includes identification information
of the termunal 120. The D2D signal may be a D2D
communication signal, a D2D discovery signal, a D2D
synchronization signal, or a signal defined for identiiying
NLOS.

In step 3609, the terminal 121 measures a level of a
reception power. That 1s, the terminal 121 measures a
reception power of the D2D signal.

In step 3611, the terminal 121 compares the transmission
power of the terminal 121 and the reception power of the
D2D signal. In this case, the terminal 121 may compare the
transmission power and the reception power by considering
a path loss. Specifically, the terminal 121 may estimate the
transmission power of the terminal 120 from the reception
power of the D2D signal by considering the pass loss, and
compare the estimated transmission power of the terminal
120 and the transmission power of the terminal 121.

In step 3613, the terminal 121 estimates whether NLOS
occurs or not. That 1s, the terminal 121 determines whether
the link of the terminal 120 1s an NLOS link according to a
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result of the comparison i step 3611. For example, when the
transmission power of the terminal 121 1s smaller than the
estimated transmission power of the terminal 120, the ter-
minal 121 may determine that the link of the terminal 120 1s
an NLOS link.

In step 36135, the terminal 121 transmits an identification
result report to the base station 110. The identification result
may be configured by a parameter which 1s 1 bit long and
indicates the presence/absence of NLOS. However, accord-
ing to another embodiment, the identification result report
may 1nclude the identification information of the terminal
120. According to another embodiment, the identification
result report may include information indicating the result of
the comparison 1n step 3611. According to another embodi-
ment, the terminal 121 may transmit the 1dentification result
report to the terminal 120. In this case, subsequent step 3617
may be omitted.

In step 3617, the base station 110 performs final NLOS
identification. The base station 110 finally determines the
presence/absence of NLOS based on the identification result
report from the terminal 121. In this case, an identification
result report from another terminal 1n addition to the termi-
nal 121 may further be considered. When a plurality of
identification result reports are collected, and a number of
reports greater than or equal to a threshold indicate LOS, the
base station 110 may determine that the link of the terminal
120 1s an LOS link. Otherwise, the base station 110 deter-
mines that the link of the terminal 120 1s the NLOS link.
Although not shown 1n FIG. 36, the base station 110 may
notily the final determination to the terminal 120.

FI1G. 37 illustrates an example method for operating of a
base station for determining the presence/absence of NLOS
in a wireless communication system according to an exems-
plary embodiment of the present disclosure. FIG. 37 illus-
trates an example of a method for operating of the base
station 110.

Referring to FIG. 37, i step 3701, the base station
determines whether an NLOS 1dentification request signal 1s
received or not. When the NLOS identification request
signal 1s recetved, the base station proceeds to step 3703 to
determine whether NLOS 1dentification 1s performed based
on a transmission power. In other words, the base station
may determine whether the presence/absence of the NLOS
1s 1dentified based on a transmission power or a reception
power. Whether the NLOS 1identification 1s based on the
transmission power may be related to whether a target
terminal 1s able to provide transmission power information.
Accordingly, whether the NLOS identification 1s based on
the transmission power may be predefined according to
system settings or may be determined adaptively according
to a net situation. When the NLOS 1dentification 1s based on
the transmission power, the base station proceeds to step
3705 to request terminals 1in a cell to operate based on the
transmission powers. On the other hand, when the NLOS
identification 1s not based on the transmission power, 1n
other words, when the NLOS i1dentification 1s based on the
reception power, the base station proceeds to step 3707 to
request the terminals 1n the cell to operate based on the
reception powers.

Thereafter, 1n step 3709, the base station determines
whether an NLOS 1dentification result i1s received or not.
The NLOS identification result may be received from at
least one terminal. When the NLOS identification result 1s
received, the base station proceeds to step 3711 to determine
whether the 1dentification result includes a power difference
value or not. When the power diflerence value 1s included,
the base station proceeds to step 3713 to estimate an NLOS
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delay length based on a difference value in the transmission
powers. On the other hand, when the power diflerence value
1s not included, that 1s, only the idenfification result is
included, the base station proceeds to step 3715 to determine
whether the result estimated as the NLOS 1s greater than or
equal to a threshold. When the result estimated as the NLOS
1s greater than or equal to the threshold, the base station
proceeds to step 3717 to identily the link between the base
station and the target terminal as an NLOS link. On the other
hand, when the result estimated as the NLOS 1s less than the
threshold, the base station proceeds to step 3719 to identify
the link between the base station and the target terminal as
an LOS link.

FIG. 38 illustrates an example method for operating of a
terminal for determining the presence/absence of LOS 1n a
wireless communication system according to an exemplary
embodiment of the present disclosure. FIG. 38 illustrates an
example of a method for operating of the terminal 121.

Referring to FIG. 38, in step 3801, the terminal deter-
mines whether an NLOS identification aid request 1s
received or not. When the NLOS identification aid request 1s
received, the terminal proceeds to step 3803 to determine
whether NLOS 1dentification based on a transmission power
1s requested or not. For example, whether the NLOS 1den-
tification 1s based on the transmission power may be indi-
cated by a parameter included 1n the NLOS identification aid
request.

When the NLOS identification 1s based on the transmis-
sion power, the terminal proceeds to step 3805 to receive a
D2D signal of a target terminal and detect transmission
power iformation from the D2D signal. Next, 1n step 3807,
the terminal determines a power margin. The power margin
may be a pre-defined value or may be provided by a base
station. Thereaiter, 1n step 3809, the terminal compares a
sum of the terminal’s own transmission power and the
power margin with a transmission power of the target
terminal. When the transmission power of the target terminal
1s greater than the sum of the transmission power of the
terminal and the power margin, the terminal proceeds to step
3811 to estimate a link between the base station and the
target terminal as an NLOS link. On the other hand, when
the transmission power of the target terminal 1s smaller than
or equal to the sum of the transmission power of the terminal
and the power margin, the terminal proceeds to step 3813 to
estimate the link between the base station and the target
terminal as an LOS link.

In step 3803, when the NLOS identification 1s not based
on the transmission power, 1n other words, when the NLOS
identification 1s based on a reception power, the terminal
proceeds to step 3815 to receive a D2D signal of the target
terminal and measure a reception power level of the D2D
signal. Next, in step 3817, the terminal compares a sum of
the reception power and a path loss with the terminal’s own
transmission power. When the sum of the reception power
and the path loss 1s greater than the transmission power of
the terminal, the terminal proceeds to step 3811 to estimate
the link between the base station and the target terminal as
an NLOS link. On the other hand, when the sum of the
reception power and the path loss 1s smaller than or equal to
the transmission power of the terminal, the terminal pro-
ceeds to step 3813 to estimate the link between the base
station and the target terminal as an LOS link.

In step 3819 after step 3811 or 3813, the terminal deter-
mines whether to transmit only an identification result.
When only the 1dentification result i1s transmitted, the ter-
minal proceeds to step 3821 to report the NLOS identifica-
tion result to the base station. On the other hand, when only
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the 1dentification result 1s not reported, the terminal proceeds
to step 3823 to determine whether to transmit a power
difference value. When the power diflerence value i1s not
transmitted, the terminal proceeds to step 3825 to report the
NLOS i1dentification result and the 1dentification information
of the target terminal to the base station. On the other hand,
when the power diflerence value 1s transmitted, the terminal
proceeds to step 3827 to report the power diflerence value
and the 1dentification information of the target terminal to
the base station.

According to the above-described various exemplary
embodiments, the terminal may perform positiomng or
determine the presence/absence of an NLOS link using D2D
signals. Positioning techniques and performance of NLOS
identification techniques according to various exemplary
embodiments will be described heremafter.

To 1dentity the performance of the positioning technique,
results of simulations in a case 1n which terminals use the
same transmission power and a case 1n which terminals use
power-controlled transmission powers will be described.
Indexes for evaluating the performance are a cumulative
distribution function (CDF) of a positioning coordinate error
root mean square error (RSME), and average coordinate
error RSME performance according to a distance between a
base station and a terminal. In addition, a probability of
increasing a coordinate error in comparison to an open loop
power control environment, and an increasing rate of a
coordinate error occurring when a coordinate error increases
are considered as performance indexes.

A cell environment for a stmulation 1s shown 1n FI1G. 39.
FIG. 39 illustrates an example simulation environment for
evaluating performance of a wireless communication system
according to an exemplary embodiment of the present
disclosure. Referring to FIG. 39, there are seven base
stations and a plurality of terminals per cell. From among
these, a distance between a terminal 3920 and a base station
3910 15 35 meters. A path loss model used in the simulation
1s an LTE D2D standard outdoor-to-outdoor model defined
in the LTE specification. Other simulation parameters are
shown 1n table 1 presented below:

TABLE 1
Parameters Values
Inter station distance (ISD) 500 m
Height of the base station/Height of the 25 m/l1.5 m
terminal
Number of base stations/Number of target 7/1
terminals
Number of D2D terminals 150 per sector
Maximum power of 2D2 terminals 23 dBm
P, of the path loss model —-103 dbm
a of the path loss model 1.0
Noise power —-174 dBm/Hertz
Noise figure 9 dB

Random dropping into 1 cell
of the base station

Random dropping into each
sector

35 m

Target terminal dropping
D2D terminal dropping

Minimum distance between the terminal
and the base station

Wi, Wo

Time offset threshold (d,)

Distance threshold (t,)

Wl=15W2=2
30 m
30 m

FIGS. 40 to 47 1illustrate examples results of the simula-
tion of the wireless communication system according to an

exemplary embodiment of the present disclosure.
FIGS. 40 and 41 illustrate CDF performance of a coor-

dinate error RSME. Specifically, FIGS. 40 and 41 1llustrate
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the CDF performance of the coordinate error RSME when
proximity-based positioning 1s performed. Optimal perior-
mance 1s performance of positioning based on an inter-
terminal distance, and 1s the most 1deal performance result
when proximity-based positioning 1s performed to select the
closest D2D terminal to a terminal. As shown 1n FIG. 40,
positioning using a reception time achieve minor improve-
ments 1 comparison to an open loop power control envi-
ronment, and positioning using a transmission power and
positioning using a candidate group show similar perfor-
mance to that of a same transmission power environment.
FIG. 40 shows the result of variously changing the second
weight w, for reception time information in positioning
using the reception time. It can be seen that, as the weight
for the reception time information increases, the perfor-
mance of positioning enhances, and the weight may be set
by considering a cell radius of a cellular network.

FIGS. 42 and 43 1llustrate average coordinate error RSME
performance according to a distance between a base station
and a target terminal. Since the performance of proximity-
based positioning varies according to a location of a terminal
in a cell, it can be seen through indexes shown in FIGS. 42
and 43 that the performance of positioning of a suggested
technique 1s averagely enhanced in comparison to related-art
methods regardless of the location of a terminal. Referring
to FIG. 42, positioning using a reception time enhances the
performance when the terminal 1s located at a cell center
(about 35-125 meters). Positioning using a transmission
power has similar performance to that of the same trans-
mission power environment. FIG. 43 shows the performance
as a result of applying a weight to reception time information
when positioning 1s performed using a reception time.
Referring to FIG. 43, 1t can be seen that, as the weight
increases, the accuracy of location positioming regarding an
environment in which the terminal 1s located at the center of
the cell 1s greatly enhanced. This means that an eflect of
positioning by determining proximity using a reception time
1s enhanced.

FIGS. 44 and 45 show a probability of increasing a
coordinate error 1n comparison to an open loop power
control environment, and an increasing rate of the coordinate
error. When positioning 1s performed using a reception time,
a coordinate error may increase as much as 7.63 m with a
probability of 0.002 in comparison to the open loop power
control environment, and a performance enhancement rate 1s
low, but the coordinate error 1s stably reduced. Positioning
using a transmission power may increase the coordinate
error as much as 8.43 m with a probability of 0.13, and
positioning using a candidate group may increase the coor-
dinate error as much as 7.71 m with a probability of 0.06.
When the positioning using the transmission power and the
positioning using the candidate group are performed, some
coordinate error may increase, but 1t can be seen that an
overall eflect can be enhanced.

Setting parameters of a simulation for LOS 1dentification
performance are shown 1n table 2 presented below:

TABLE 2
Parameters Values
Number of terminals 150 per sector
ISD 500 m
Minimum distance between terminals 3 m
Minimum distance between the base 35 m
station and the terminal
Height of the terminal 1.5 m
Height of the base station 25 m
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TABLE 2-continued

Parameters Values

Open loop power control
7 dB

Transmuission power of the terminal
Power margin

FI1G. 45 illustrates NLOS 1dentification DER performance
according to the number of terminals assisting in 1dentifying
NLOS. It 1s assumed that a length of an NLOS delay
occurring between a terminal requesting NLOS 1dentifica-
tion and a base station 1s 100 m. As shown 1n FIG. 45, when
NLOS 1dentification 1s based on a transmission power, 1t 18
possible to exactly compare transmission powers and thus a
high degree of 1dentification accuracy of 90% or higher can
be shown even when there i1s one terminal assisting in

identifying. On the other hand, when NLOS 1dentification 1s
based on a reception power, the 1dentification 1s performed
based on information estimated through the reception power,
and thus, when there 1s one terminal assisting in 1dentifying,
identification accuracy of about 75% 1s shown. However, 1n
the two embodiments, as the number of terminals assisting,
in 1identiiying increases, the 1dentification accuracy is greatly
enhanced due to a final 1dentification process performed 1n
the base station. It can be seen that, in an environment 1n
which there 1s four terminals assisting 1n identifying, the two
embodiments show that the NLOS 1dentification 1s possible
with accuracy of about 99%.

FIG. 46 shows NLOS identification DER performance
according to a length of a NLOS delay between an NLOS
identification requesting terminal and the base station 110.
Specifically, in FIG. 46, the NLOS identification DER
performance according to the length of the NLOS delay
between the terminal requesting NLOS 1dentification and the
base station 1s analyzed according to an identification
scheme and the number of terminals assisting 1n 1dentifying.
As can be seen from FIG. 45, 1n the case of a technique
according to embodiments, as the length of the NLOS delay
increases, a difference in the transmission power between
the terminals becomes evident and thus 1dentification accu-
racy 1s enhanced. In addition, when 1t 1s guaranteed that the
number of terminals assisting 1n 1dentitying NLOS 1s 3 1n an
environment where the length of the NLOS delay 1s 50 m,
the technique according to embodiments can achieve a high
degree of identification accuracy ol about 95%.

In the above-described detailled embodiments of the pres-
ent disclosure, a component 1cluded 1n the present disclo-
sure 1s expressed 1n the singular or the plural according to a
presented detailed embodiment. However, the singular form
or plural form 1s selected for convenience of description
suitable for the presented situation, and various embodi-
ments of the present disclosure are not limited to a single
clement or multiple elements thereof. Further, either mul-
tiple elements expressed in the description may be config-
ured mto a single element or a single element in the
description may be configured into multiple elements.

Embodiments of the present invention according to the
claims and description 1n the specification can be realized 1n
the form of hardware, software or a combination of hard-
ware and soltware.

Such software may be stored 1 a computer readable
storage medium. The computer readable storage medium
stores one or more programs (software modules), the one or
more programs comprising instructions, which when
executed by one or more processors 1n an electronic device,
cause the electronic device to perform methods of the
present mvention.
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Such software may be stored in the form of volatile or
non-volatile storage such as, for example, a storage device
like a Read Only Memory (ROM), or 1n the form of memory
such as, for example, Random Access Memory (RAM),
memory chips, device or itegrated circuits or on an opti-
cally or magnetically readable medium such as, for example,
a Compact Disc (CD), Digital Video Disc (DVD), magnetic
disk or magnetic tape or the like. It will be appreciated that
the storage devices and storage media are embodiments of
machine-readable storage that are suitable for storing a
program or programs comprising instructions that, when
executed, implement embodiments of the present invention.
Embodiments provide a program comprising code for imple-
menting apparatus or a method as claimed 1n any one of the
claims of this specification and a machine-readable storage
storing such a program. Still further, such programs may be
conveyed electronically via any medium such as a commu-
nication signal carried over a wired or wireless connection
and embodiments suitably encompass the same.

Although the present disclosure has been described with
an exemplary embodiment, various changes and modifica-
tions may be suggested to one skilled 1n the art. It 1s intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.

What 1s claimed 1s:
1. A first terminal in a wireless communication system,
the first terminal comprising;
a transceiver configured to receive a signal from a second
terminal that 1s 1n proximity to the first terminal; and
at least one processor configured to:
determine a mimmum path loss based on a transmission
power of the first terminal and a reception power
regarding a third terminal which is closest to the first
terminal,
determine a first value that 1s a variable value according
to a distance between the second terminal and a base
station based on reception power of the signal and
the minimum path loss, and
determine whether a link between the second terminal
and the base station 1s non-line of sight (NLOS) by
comparing the first value with a second value,
wherein the second value 1s a variable value accord-
ing to a distance between the first terminal and the
base station, wherein the first value 1s larger than the
second value when the link between the second
terminal and the base station 1s NLOS.
2. The first terminal of claim 1, wherein the at least one
processor 1s further configured to:
identily transmission power mformation included in the
signal, and
11 a transmission power of the second terminal 1s greater
than a sum of a transmission power of the first terminal
and a power margin, determine the link as NLOS.
3. The first terminal of claim 1, wherein the at least one
processor 1s further configured to:
estimate a transmission power of the second terminal by
adding a path loss value to a reception power of the
signal, and
11 the estimated transmission power of the second terminal
1s greater than a transmission power of the first termi-
nal, determine the link as NLOS.
4. The first terminal of claim 1, wherein the at least one
processor 1s further configured to:
identily TA information of the second terminal included 1n
the signal, and
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determine the link as NLOS 1f a timing advance (TA)
value of the second terminal 1s greater than a TA value
of the first terminal.

5. The first terminal of claim 1, wherein the first terminal
and the second terminal perform a device-to-device (D2D)
communication.

6. A method for operating a first terminal 1n a wireless
communication system, the method comprising:

receiving a signal from a second terminal that 1s 1n

proximity to the first terminal;

determining a minimum path loss based on a transmission

power ol the first terminal and a reception power
regarding a third terminal which 1s closest to the first
terminal;

determining a first value that 1s a variable value according,

to a distance between the second terminal and a base
station based on reception power of the signal and the
minimum path loss; and

determining whether a link between the second terminal
and the base station 1s non-line of sight (NLOS) by

10

15

comparing the first value with a second value, wherein 20

the second value 1s a variable value according to a
distance between the first terminal and the base station,
wherein the first value 1s larger than the second value

when the link between the second terminal and the base
station 1s NLOS.

40

7. The method of claim 6, further comprising;:

identifying transmission power information included in
the signal; and

11 a transmission power ol the second terminal i1s greater
than a sum of a transmission power of the first terminal
and a power margin, determiming the link as NLOS.

8. The method of claim 6, further comprising:

estimating a transmission power of the second terminal by
adding a path loss value to a reception power of the
signal; and

11 the estimated transmission power of the second terminal
1s greater than a transmission power of the first termi-

nal, determining the link as NLOS.
9. The method of claim 6, further comprising:

identifying TA information of the second terminal
included in the signal; and

determining the link as NLOS 1f a timing advance (TA)
value of the second terminal 1s greater than a TA value
of the first terminal.

10. The method of claim 6, wherein the first terminal and
the second terminal perform a device-to-device (D2D) com-
munication.
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